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Primers and their sequences used in the project 
Human Genome Walker's Primers 
hGW-5GSPl 5' A T A G C C G T G C C C A G A C G C A A T C A C T 3’ 
hGW-5GSP2 5' T T A G G C C T G A A T C A T A G C A C G G A A T 3’ 
hGW-5GSP3 5， T T C G G G A G G C T G A G G C G G G T G G A 3， 
hGW-5GSP4 5，CACAAAAATTAGCTGGGCATGGTGGCTTAT 3 ’ 
hGW-3GSPl 5，GATTCTTCCATAGCTGTGGATAAGGAGT 3， 
hGW-3 GSP2 5， G C C A A C T C A G T A G C A G A G C T G T G A C A A G A T 3， 
hGW-3 GSP3 5，CCACTAGCTGCTTCAACTGGTAA 3, 
hGW-3 GSP4 5， G C A G T G G A A G G T T G G C A G A A G G A 3 ’ 
Human HSPB3 c D N A primers 
hHSPB3-F-AS2 5' T A G G G C G A A T T C A T G G C A A A A A T C A T T T T G A G G C A C C T 3’ 
hHSPB3-R 5，TAGGGCGTCGACTCACTTAGTCCCAACTGGATCCTTTA 3 ’ 
Human HSPB3 full length c D N A primers 
hHSPB3 -FL-For 5，TAGGGCGAATTCGCATTCCGTGCTATGATTCAGGCCTAA 3 ’ 
hHSPB3-FL-Rev 5' T A G G G C G T C G A C T A A C T G T G T A T A T A T T T T T A T T C T 3， 
Mouse HSPB3 5' and 3，RACE primary and nested primers 
mHSPB3-5GSPl 5，CCCCACCAGGATGGAAAATCTTGAGACA 3’ 
mHSPB3”5GSP2 5' C C C A G C A T G T G C C C T T G A A T C A A G C A A C 3’ 
mHSPB3-3GSPl 5' C T G T A A A C G G C G C T G C T A G G A C T A A G A A 3’ 
niHSPB3-3GSP2 5' A GTTTCCTGTCCCGAGTGGTCATTGTCT 3’ 
Mouse HSPB3 
Ms-HSPB3-For 5' T A G G G C G A A T T C A T G G C A A A A A T C A T T T T G A G G C A C C T C A T A 3' 
Ms-HSPB3-Rev 5' T A G G G C G T C G A C T C A C T T A G T C C C A A C T G G A T C C T T T A 3’ 
Rat-HSPB3 
rHSPB3-For 5，TAGGGCGAATTCATGGCAAAAATCATTTTGAGGCACCT 3， 
rHSPB3-Rev 5' T A GGGCGTCGACTCACTTGGTCTCTAATGGATCCTTTACTT 3’ 
10 
Human HSPB3 5' primers 
5RACE-GSP1 5，TTTCCTCAGGTCCACGATGGTTGGC 3 ’ 
5RACE-GSP2 5，TCAGGTCCACGATGGTTGGCCCAG 3, 
5RACE-GSP3 5，GCATATAAAGCATGATCCAGCCTGC 3, 
5RACE-GSP4 5，CGCACTGGAATCTCTATGAGGTGCC 3 ’ 
Abridged Anchor Primer 
5' GGCCACGCGTCGACTAGTACGGGnGGOnGGGnG 3‘ 
Universal Adaptor Primer 
5’ C U A C U A C U A C U A G G C C A C G C G T C G A C T A G T A C 3， 
Adaptor Primer 
5，GGCCACGCGTCGACTAGTACTTTTTTTTTTTTTTTTT 3， 
M A T C H M A K E R 5' LD-Insert Screening Amplimer 
5，GATAAGCTACTACTTCTATGGGGTGGTTTGGG 3 ‘ 
M A T C H M A K E R 3' LD-Insert Screening Amplimer 
5, T T C A C T T G A A C G C C C C A A A A A G T C A T A T G A T G C 3， 
11 
Abstract 
Numerous physical and chemical stimuli were shown to cause stress response 
in all organisms. This evolutionary highly conserved stress response involves shutting 
off the general transcription and activating the transcription of select set of genes 
coding for the heat shock proteins (HSPs) or stress proteins. 
Small heat shock proteins arose from a primordial gene and have a conserved 
3' exon structure called the alpha crystallin domain. Members of this family have 
molecular masses below 40 IdDa. Research has focused mainly on two of its members, 
the alpha-B-crystallin and HSP27. Both are widely expressed in a number of tissues 
including muscles, liver, kidney and lens and have been implicated to play protective 
roles during cellular stress. On the other hand, the functional role, molecular and 
physical characteristics of the newly discovered member HSPB3 is less studied. 
In vivo studies demonstrated the upregulation of some sHSPs (HSP27 and 
alpha-B-crystallin) m R N A during physiological stress (for example, heat shock and cell 
stretch)，while others, including p20, HSPB2/MI-CBP and HSPB3 showed no 
significant heat inducibility in C2C12 cells under severe conditions. Immunostaining 
and binding assays suggested the possibility that in skeletal muscle there are two 
independent heat shock systems, comprising members of the small heat shock proteins. 
In this study, we first deduced the cDNA sequence of a new member of the 
mammalian small heat shock protein, small heat shock protein B3 (HSPB3). Using 
anchor PCR techniques the sequence of both the mouse and rat homologues were 
obtained. 
Northern analysis showed that human HSPB3 is expressed in the heart and 
skeletal muscle. RT-PCR using various human fetal and adult tissues revealed that 
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HSPB3 is transcribed in tissues other than the cardiac and skeletal muscle. Mouse 
HSPB3 has a similar tissue distribution as human HSPB3 as revealed by northern blot 
analysis; however it might be more tissue specific as the heart was the only tissue that 
expressed HSBP3 m R N A . 
During the yeast two hybrid library screening，HSPB3 was found to interact 
with a pre-hormone called Prepro-Cardiodilatin-Atrial Natriuretic Factor (Prepro-
CDD-ANF). Northern hybridisation studies revealed the heart is the organ where both 
of these genes are expressed, hinting that HSPB3 and CDD-ANF may have a 
protective role in the heart. 
Most HSPs have the ability to undergo homo- and hetero-oligomerisation with 
other members to form aggregates with molecular weights up to 700 kDa. HSPB3 
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Small Heat Shock Proteins 
The small heat shock proteins (sHSPs) are a family of proteins, which share the 
conserved alpha-crystallin domain, and have a molecular weight generally less than 30 
kDa. Little is known about the functions and the mode of actions in vivo but they have 
been implicated in many different cellular processes, such as the suppression of protein 
aggregation 1，cytoskeletal protein dynamics 2,3, cellular growth, transcription and 
differentiation. Of the six known human small heat shock proteins, some are widely 
expressed, whereas others are expressed in only one or two tissues. The differences in 
expressional patterns 4 suggest that small heat shock proteins may have general as well 
as specialized cellular functions. 
For a long time the name HSP has been given to those proteins whose synthesis 
is induced upon external stress, heat and other external physiological stimuli. High 
molecular mass HSPs namely HSP90 and HSC70 have multiple functions, including 
housekeeping roles, cellular growth and differentiation. Their expression is ubiquitous 
and levels are high in organs subjected to immediate stress. 
Both HSP27 and alpha-B crystallin have been cited to have cytoprotective roles 
against physiological stress 3,5-7. xhey are constitutively expressed in a narrow 
spectrum of tissues. Their abundancy is important to protect these tissues continuously 
and ensures instant response to stress without the need to take on the time consuming 
step of synthesizing the high molecular weight HSPs. 
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In human, there are six known members in sHSP family. They are alpha A 
crystallin, alpha B crystallin, p20, HSPB1/HSP27 (small heat shock protein 27 kDa), 
HSPB2/MKBP (Muscle Kinase Binding Protein) and HSPB3. 
Human heart sequence EST project and the discovery ofHSPL27 
In our large-scale human heart sequencing project, a c D N A clone was isolated 
and identified as it shares a high degree of sequence homology with the inhibitor of 
actin polymerisation in chicken. Upon sequencing, our done contained the conserved 
alpha crystallin domain that is the characteristic of all small heat shock proteins. The 
sequence displays similarity with the chicken inhibitor of actin polymerization 8，9 
Subsequently we named this as 27 kDa heat-shock-protein-like protein (HSPL27). 
Fluorescent in situ hybridisation and radiation hybrid mapping located HSPL27 gene to 
human Chromosome 5 at 5qlL2 
This c D N A clone was later found to be a chimera of two genes that were 
accidentally joined together in the construction of the c D N A phage library. The 
chimera c D N A clone HSPL27 contains a phosphatidylinositol-4-Kinase (PI-4 Kinase) 
domain in the 5' end and the HSP27 domain in the V end. 
The c D N A library was made by submitting heart tissues (about one gram) to 
Stratagene Corporation (11011 North Torrey Pines Road，La Jolla, C A 92037 USA). 
Before synthesis begins, each poly(A)+ R N A was examined spectrophotometrically 
and run under denaturing conditions on an agarose gel. First and second strand 
synthesis reactions are inspected on an alkaline agarose gel. After size selection, each 
fraction is run on a gel to ensure that ligation was performed using the highest quality 
c D N A possible into Lambda Z A P ® II vectors. It is possible that during this last 
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ligation step that the two non-related domains of PI4-Kinase and HSP 27 were 
accidentally ligated together into the vector. 
Small heat shock protein B3 - HSPB3 
The sequence of HSPB3 (Y17782) was first published by Boelens et a/11 but 
the sequence was solved by aligning fragmented c D N A sequences from the Expressed 
Sequence Tags (ESTs) database. The accuracy of the sequence was only determined 
by the qualities of the ESTs in the database. Northern analysis ^ ^ showed HSPB3 is 
expressed predominantly in the cardiac and also in the skeletal muscles. The size of the 
m R N A transcript was approximately 0.85 kilobase pair. Western Analysis ^ ^ showed 
that the recombinant and the endogenous HSPB3 to have a predicted mass of 17 kDa. 
Comparing with others (HSP27, alpha-B-crystallin and p20), HSPB3 shows a more 
specific expression pattern, and the protein product was only found to be expressed in 
the heart and skeletal muscle. 
The alpha crystallins 
Alpha-cry St allin is a multimer of two genes, ocA and aB, which have arisen as a 
result of gene duplication and shared sequence homology with other members of the 
small heat shock protein family 13. Under non-thermal modes of protein aggregation; 
both a A and aB crystallins showed chaperone-like activity, for example, it prevents 
the DTT-induced aggregation of insulin and prevents the photoaggregation of gamma-
crystallin. a A and aB-crystallins are found not only in the lens, but also in the heart, 
muscle and kidney. aB crystallins constitute 3-5% of the soluble protein in the cardiac 
tissue and shown to interact with actin，desmin, and other intermediate filaments. This 
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shed a light into the possible roles of crystallins and small HSP family sharing the 
conserved alpha crystallin domain and that, in addition to the chaperone activity, 
sHSPs may serve as molecular stabilizing components within a network of cell 
structure. 
Point mutation of a conserved arginine in the alpha-crystallin domain perturbs 
the overall alpha crystallins structure and function 
Autosomal dominant congenital cataract and desmin-related myopathy are 
caused by a point mutation of a highly conserved arginine in the lens ocA and aB 
crystallin. Siva Kumar et al demonstrated the mutation of R116C and R120G in a A 
and aB crystallin respectively, lead to the loss of partial chaperone activity of the 
recombinant proteins. Near U V and far U V circular dichroism spectra of mutant 
proteins indicated a change in the secondary and tertiary structures. This conserved 
arginine is also present in HSPB3 (R116) and the crystallographic data ^^ from 
sHSP16.5 of Methanococus janaschii indicated that this arginine is buried deep in the 
hydrophobic core of the protein and forms a structural salt bridge with glycine 41. 
Therefore it is speculated that this arginine which is found across all the sHSP studied 
so far is critical for sHSP structural integrity and subsequent in vivo function 16-18 
HSP27 confers Thermotolerance in cells 
The transfection induced expression of Drosophila melanogastefs small heat 
shock protein HSP27 in Chinese hamster 023 cells was shown to confer thermal 
o 
resistance (subjected to heat shock at 44 C) in a manner which was dependent on the 
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level of expression of HSP27 19. Immunoblot analysis confirmed this result as none 
other sHSPs showed increased level under these conditions. 
The effect of overexpression of Chinese hamster HSP27 in mouse NIH/3T3 
cells was investigated by Lavoie et al 20. The accumulation of hamster HSP27 was 
accompanied by a progressive development of thermoresistance in a mouse cell line. 
Elevated expression of HSP27 was accompanied by an increased stability of stress 
fibres during hyperthermia. The protein also partially prevented actin depolymerization 
during exposure to cytochalasin D and reduced cytotoxicity and growth inhibition of 
chronic exposures to the drug. These results indicated that accumulation of HSP27, as 
it occurs after a mild heat shock or other inducing treatments, is sufficient for 
acquisition of thermotolerance that may result in part from a stabilization of actin 
filaments 19,21,22 
Chaperone properties of sHSP 
Small heat shock proteins can form different macromolecular structures that 
exert protective effects via different mechanisms, but all involved the prevention of 
aggregation of proteins that are not in their final folding state or they allowed proteins 
to reach their final folding state avoiding structures which would trap them in 
aggregates. Alpha B-crystallin and HSP27 exert a protective effect against simulated 
ischemia 6,23, whereby intermediate folded proteins bind to the outside of the large 
oligomeric small heat shock protein complexes, finding a safe haven. After the ischemia 
is resolved, these proteins are released, and with the help of HSP70, are shuttled to a 
productive refolding pathway resulting in proteins in their final folding state 24,25 in 
20 
contrast, high molecular weight heat shock proteins form barrel-like structures, in 
which folding occurs in the inside are termed chaperonins 26,27 
In FjVr(9-chaperone function of sHSPs 
Nuclear Magnetic Resonance (NMR) studies with alpha crystallin and its 
binding to partially folded protein intermediates concluded that the carboxyl-terminal 
part of the protein is relatively flexible 28. This flexible tail is critical in maintaining the 
solubility of the protein oligomers. Of the protein oligomers as shown in an experiment 
to investigate the in vitro chaperone abilities of a small heat shock protein, HSP25. 
Citrate synthase and HSP25 were inactivated by heat and for the reactivation of 
enzymatic activity, both ATP and HSP70 are required 29，30 This result supports the 
notion that HSP25 may function in vivo as a ‘buffer，for the unfolding proteins 
intermediates in cells after heat shock until HSP70 can refold the proteins. 
Does the alpha-crystallin domain necessary for chaperone activity? 
Among the diverse physiological functions of sHSPs, their in vitro chaperone 
activity appears to be common to most sHSPs. The assumption that the highly 
conserved alpha-crystallin domain may be important for chaperone activity is 
contradicted by the observation that Escherichia coli expressing a rice protein deletion 
mutant, OsHSP 16.9, fused to glutathione-S-transferase, where the C-terminal two-
thirds of the alpha-crystallin domain is missing, is protected from heat shock 31. 
Another related observation is that mutations within the phenylalanine-rich region of 
alpha beta-crystallin, located N-terminal to the alpha-crystallin domain, abolished 
chaperone activity in vitro without altering the size of their oligomeric complex 32 
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The N-terminal regions seem to be necessary for oligomerization because the minimal 
alpha-crystallin domain alone fails to form oligomers and has no chaperone activity in 
vitro. Taken together, these observations seem to suggest that, although the alpha-
crystallin domain is important in oligomeric-complex formation, the N-terminal 
residues before the alpha-crystaliin domain are necessary not only for complex 
formation but also for chaperone activity. From this，it seems that for functional and 
structural integrity, both alpha crystallin domain and the N-terminal region are 
necessary. 
There are many possible mechanisms to explain sHSPs' ability to protect other 
proteins from denaturation. One is that during the process of in vivo assembly of the 
hollow spheres, certain proteins or R N A s critical for cell's survival are under stress and 
may get trapped in or on the outer surface of the spheres. Another is that the 
oligomeric form of sHSP is not necessary for chaperone or other stress related activity, 
but is a storage state for sHSPs from which they can be disassembled quickly in 
response to the recurrence of external stress. 
Expression HSPB3 in heart diseases patients and in porcine model 
Our collaborators in Germany (Dr. R. Zimmermann and C. Ullmann, The Max-
Plank-Institue, Germany) investigated the possible role and expression level of HSPB3 
in patients with heart diseases and the effects of heart failures in pig's hearts. The level 
of HSPB3 expression in the heart of 13 patients with dilated cardiomyopathy and those 
patients with no histories of heart disease were compared using the Northern blot 
analysis with our HSPB3 c D N A as the probe. In a parallel experiment, HSPB3 m R N A 
expression was compared between untreated and pigs subjected to microembolisation, 
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that is, the injection of microscopic solid beads to reduce the bloodflow to the heart 
and induce stress in the heart. There were no significant differences between the signal 
intensities between the two groups. Moreover, HSPB3 does not seem to be up-
regulated or down-regulated in heart disease patients or when the heart is put to stress 
in the porcine model. These results suggest that HSPB3 may be involved early on in 
the signalling pathway during stress and its effects are mediated via other mediators 
downstream whose expression levels are increased markedly. 
Small heat shock proteins in development and differentiation 
Small sHSP has been implicated to play an important role during the 
differentiation of cardiomyocytes. The embryonal carcinoma cell line P19 can be 
induced to differentiate into neural or cardiac cells. The level of HSP25 is much higher 
in the latter cell type 33. Davidson et al ^^ demonstrated that the addition of HSP25 
antisense oligonucleotides reduced the extent of cardiomyocytes differentiation. 
Furthermore it caused a decreased level of cardiac actin and the intermediate filament 
desmin and reduced level of cardiac mRNA. Interestingly the effects of HSP25 is 
blocked by SB203580, a specific inhibitor of p38/MAPK2 but cardiogenesis was only 
sensitive to SB203580 during the first two days of differentiation, before HSP25 
expression increased. This brings to light the conclusion that the p38 pathway is 
required only during the initial steps of cardiac differentiation and HSP25 is necessary 
for the functional differentiation (occurred at a later stage) of P19 cardiomyocytes, but 
its phosphorylation by p38/MAPK2 is not required. 
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Small HSP and HSPB3 role in mammalian embryogenesis 
Using both Northern analysis, confocal microscopy and whole mount in situ 
hybridisation Walsh et al identified the m R N A HSP90, HSP73, HSP47 and HSP27 
transcripts and HSPs during organogenesis 35,36 HSPs were detected during 
neuroectoderm cell induction and differentiation with the HSP m R N A being tightly 
regulated during the cell cycle of neuroectoderm especially at early fore-, mid-, 
hindbrain and heart formation. HSP expression appears closely linked in early 
mammalian development to critical differentiation and proliferation stages in early brain 
and heart formation. The HSPs are developmentally activated around blastula stage 
and HSPs are constitutively expressed at high levels during neural tube closure and are 
heat shock responsive. 
Our group recently looked into the potential role of HSPB3 during mammalian 
embryogenesis. In an attempt to inhibit the HSPB3 expression in developing 
mammalian embryos, specific antisense oligonucleotides designed based on the human 
HSPB3 sequences were added directly into the medium of in vitro pre somite day 9.5 
rat neural plates. Developmental abnormalities were observed in embryos treated with 
antisense oligonucleotides, which include failure of initiations and formation of the 
heart and early forebrain and the central nervous systems (Waye M M Y , Walsh DA, 
manuscript in preparation). These preliminary results suggested that HSPB3 
expression may be critical to the formation of brain, the induction of the neural tube 
and the folding of the heart tube. The extent and requirement for other proteins (such 
as p38/MAPK2) in participating in embryonic development requires further analysis. 
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Structure of the small heat shock proteins 
Most speculate the functions of sHSPs are involved in protein-protein 
interactions. Most research so far have focused on sHSP's chaperone-like property, 
that is，in arresting heat-induced unfolding and aggregation of proteins. Two major 
advances have now been made in the sHSP field: the first being the elucidation of the 
crystal structure ofsHSP and second the identification of the intermediate filament as a 
physiological target of small heat shock proteins 37. 
Crystal structure of a small heat shock protein 
Recently the X-ray crystal structure of a small heat shock protein 16.5 (HSP 
16.5) fromMethanococcus jannaschii (Mj) was solved at 2.9 Angstrom resolution 
Each monomer folding unit is a composite beta-sandwich in which one of the beta-
strands comes from a neighboring unit. MjHSP16.5 is a hollow spherical complex 
composed of 24 monomers generated by a three fold crystallographic symmetry. 
In particular cryo-electron microscopy and crystallographic data indicated that 
the alpha-crystallin domain and the carboxyl-terminal extension are highly organized 
and are involved in subunit contacts therefore it is speculated that oligomeric 
complexes (characteristics of small heat shock proteins) are probably due to the alpha-
crystallin domain The highly hydrophobic residues in the alpha-crystallin domain 
that are involved in tertiary structure stability are relatively well conserved across 
species. This is consistent with the findings of the predicted secondary structures and 
hydrophobic profiles of the alpha-crystallin domains in the sHSP family. However, 
some of the residues involved in subunit contacts are not conserved among all sHSPs, 
suggesting that the size and symmetry of oligomers may vary among different sHSPs 
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although the unique fold of the sHSP monomer is conserved. The sphere has an outer 
diameter of 120 Angstrom and inner diameter of 65 Angstrom. 
Subunit contacts 
The quaternary interaction along a conserved sequence in the a-crystallin 
domain of a A-crystallin and HSP27 was studied using site directed spin labeling 39,40 
Consistent with the crystallographic data, the pattern of spin-spin interactions indicated 
that the subunit interface consists of a twofold symmetry with two anti-parallel beta-
strands interacting at the interface 41,42 Sequence divergence in the alpha crystallin 
domain may result in variations in the size and symmetry of the quaternary structures 
43 between distant members of the small heat shock protein family. 
Muscle is the only tissue that simultaneously expresses all five sHSPs 
Northern and Western blots identified that cardiac and skeletal muscles are the 
only tissues that expresses all five small heat shock proteins HSP27, MKBP, HSPB3, 
p20 and alpha B crystallin 12,44 x h e heart and the skeletal muscle showed 
constitutive m R N A expression for the five different sHSPs. As for tissue distribution, 
HSP27 inRNA expression is highest in the heart and skeletal muscle. Similar 
expression patterns exist for the other three sHSPs, MKBP, alpha-B crystallin and p20. 
However HSPB3 was unusual in that its expression was solely confined to the striated 
muscle with a preferential expression in the heart as shown by Northern blot analysis 
12. When we performed RT-PCR on various human adult and fetal tissues, we found 
that indeed，the heart preferentially expresses HSPB3, but HSPB3 is also expressed in 
other tissues but in a much lower level as compared to that of the heart. 
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HSPB3 has been suggested to play an important role in skeletal muscle with 
MKBP/HSPB2 in regulating the actin polymerization. However both are not up-
regulated during heat stresses in cell cultures. The interaction with MKBP/HSPB2 ^^ 
was confirmed by yeast two hybrid assay and the partnership is postulated to work by 
maintaining the sophisticated balance in the cytoskeletal structures. 
Two independent sHSP systems in muscle cells, to serve and to protect 
Immunostaining and fonctional assays demonstrated the close relationships 
between sHSPs with cytoskeletal components; HSP27 and alpha-B-crystallin can 
interact with actin and intermediate filaments in vivo and in vitro 2，45,46 Their 
cytoprotective role in non-muscle cells can be attributed partly to their ability to 
stabilize cytoskeletal structures such as stress fibers. HSP27 and alpha-B-crystallin 
have been shown to localize on specific sarcomeric structures of the skeletal or cardiac 
muscle myofibrils, such as Z-discs 4，47 or I-bands These evidence suggest one of 
the essential functions of mammalian sHSP is to maintain and protect cytoskeletal 
structures via association with the components of the cell framework. 
HSP27 and alpha-B-crystallin have been shown to localize on well developed 
actin bundles in myotubes. Importantly this HSP27 localization is not observed in 
myoblasts, suggesting the possible involvement of these sHSPs during the initial 
organization of myofibril assembly in myotubes. 
MKBP/HSPB2 and HSPB3 belonging to the second system in muscle cells 
show similar localization on actin bundles and have been implicated to take on a 
different role from HSP27 and alpha-crystallin in the early stages of muscle 
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differentiation. Additionally the expression of MKBP/HSPB2 and HSPB3 are more 
tightly regulated and induced later on in the myogenesis pathway. 
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Methods and Materials 
Small scale preparation of plasmid DNA 
Luria broth (LB) medium (two millimetres) supplemented with appropriate 
antibiotics was innoculated with single bacterial colony and shaken at 250 rpm for 16 
hours at 37°C. Overnight culture (two millilitres) was centrifliged at 13000 rpm for 
five minutes and the pellet was resuspended in 100 jil of ice cold Solution I (50mM 
glucose，25mM Tris-HCl pH 8.0, lOmM E D T A pH8.0). 100 j^tl of Solution II (0.2N 
NaOH, 1% SDS) was added and the tubes were inverted four times. Ice cold Solution 
III (200 loi) was added and mixed by inverting the tubes immediately. The cell debris 
were spun down at 13000 rpm for 10 minutes. The supernatant was transferred into a 
clean tube. Equal volume of phenol:chloroform was added and vortexed, the top 
aqueous layer was removed after centrifuging for five minutes at 13000 rpm. Two 
volumes of ice cold 99,7% ethanol was used to precipitate D N A by centrifligation at 
o 
13000 rpm at 4 C. Pellet was washed with one ml of ice cold 70% ethanol, vacuum 
dried, D N A dissolved in a minimum volume of water. 
Large scale preparation of plasmid DNA (QIAGEN - QIMlter Midi Prep Cat No. 
12245) 
Bacterial colony carrying the desire plasmid was innoculated into 100 ml of LB 
medium supplemented with appropriate antibiotics. The culture was shaken at 250 rpm 
o 
for 16 hours at 37 C. Cells were collected by centrifligation at 6000 x g for 10 minutes 
at 4°C. The pellets were resuspended in four ml of PI buffer (100 \ig/ml RNase A in 
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50 M M Tris-HCl, 10 ITIM E D T A , pH 8.0) and cells were then lysed by adding four ml 
of P2 buffer (1% SDS，200 m M NaOH) and mixed by inverting and allowed to stand 
for five minutes. Cell debris and proteins were precipitated by four ml of P3 buffer (4.0 
Potassium acetate, pH 5.5) and the whole suspension was transferred to a Q I A G E N 
filter column and allowed to stand for 10 minutes. Cell lysate was forced through the 
filter column into a pre-equilibrated (10 ml Q B T [750 m M NaCl, 50 m M MOPS, 15% 
Ethanol, pH 7.0, 0.15% Trition X-100]) QIAGEN-tiplOO column. Lysate was allowed 
to enter the resin by gravity flow，and washed twice with 10 ml of Q C Buffer. Plasmid 
D N A was eluted by adding five ml of QF and precipitated by centrifugation with 3.5 
o 
ml of isopropanol at 15000 x g at 4 C. D N A pellet was washed with two ml of 70% 
ethanol and D N A was dissolved in 200 pd of sterile distilled water. 
Amplification of mouse and rat HSPB3 coding region 
For mouse, the pair of primers Mouse-Forward (FOR) and Mouse-Reverse 
(REV) were used to amplify the coding region (168 bp - 632 bp) from a Marathon 
mouse heart c D N A library (Clontech). The rat HSPB3 open reading frame (147 bp -
605 bp) was amplified by the pair of primers Rat-FOR and Rat-REV from a Marathon 
rat skeletal muscle c D N A library (Clontech). EcoR I and Sal I restriction sites were 
incorporated into the Forward and Reverse primers respectively, to facilitate the 
subsequent cloning process. The PGR products were cloned into sequencing vector 
and subjected to automated sequencing to confirm the sequence identity. 
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Northern Blotting and Hybridisation 
Clontech adult mouse Multiple Tissue Northern (MTN) Blot was used to 
perform the Northern blotting analysis. Briefly, each lane in the M T N blot contains two 
\xg of poly A+ R N A from different adult mouse tissues; the blot was pre-hybridised in 
O 
five ml of ExpressHyb Hybridisation Solution at 68 C for two hours, with gentle 
shaking. The purified mouse HSPB3 c D N A radio actively labelled probes were 
O 
denatured at 95 C for five minutes and chilled on ice. The denatured probes were 
added to fresh ExpressHyb solution. The blot, probes and the solution were mixed and 
o 
incubated at 68 C for two hours with gentle shaking. 
Blot was rinsed in Wash I (2X SSC，0.05% SDS) to remove non-specific 
annealing, until a constant reading on the GM-counter. Immediately the blot was 
, o 
wrapped in cling film and exposed to X-ray film at —70 C with two intensifying screens 
for 48 to 72 hours. The film was developed using the developer (liquid X-ray 
developer, Type 2, Kodak, Cat. No. 4051298) and fixing solutions (liquid X-ray fixer 
and replenisher, Kodak, Cat. No. 4051611). 
Purification of DNA fragments from agarose gel by GENECLEAN (Bio 101 Inc., 
La Jolla, U.S.A.) 
After gel electrophoresis in TAE (0.04M Tris-acetate, 0.00IM EDTA) buffer, 
D N A of the desired size was excised from the gel and placed in an Eppendorf tube. 6 M 
sodium iodide solution (4.5 volumes) were added and the tube was placed in a 55°C 
water bath until the gel slice was completely dissolved. The D N A mixture solution was 
incubated with 10 [x\ of GLASSMILK (DNA binding silica beads) at 55°C for 10 
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minutes. The GLASSMILK mixture was spun down at 13000 rpm for five seconds, the 
supernatant was removed and the pellet was washed for three additional times with 
300 jil of ice cold N E W W A S H . Pellet was vacuum dried and resuspended in 10 |iil 
O 
double distilled water. After incubation at 55 C for three minutes, the whole mixture 
was spun down at 13000 rpm for 30 seconds and the supernatant was recovered for 
subsequent quantification and cloning process. 
Preparation of competent Escherichia coli for transformation 
Bacteria strain D H 5 a was used for the transformation process. A single 
bacterial colony was innoculated into three ml of LB and the culture was shaken at 250 
rpm overnight. Overnight culture (250 ) was added into 100 ml of LB medium and 
o 
shaken (250 rpm) at 37 C until the cells reached an OD600 of 0.6-0.8. Bacteria cells 
O 
were harvested by centrifliging at 3000 rpm for 15 minutes at 4 C. RFl buffer 
(lOOmM RbCl, 5 0 m M M11CI2.4H2O, 30mM potassium acetate, lOmM CaCl^.SHzO, 
15% glycerol, pH5.8) (33 ml) was added to resuspend the pellet and placed on ice for 
60 minutes. The cells were pelleted at 3000 rpm for 15 minutes at 4°C and were 
resuspended in 8 ml of RF2 buffer (lOmM MOPS, lOmM RbCl, 75mM C a Q 〗 . 〗 ! ! 。 。 ， 
15% glycerol, pH6.8). The mixture was placed on ice for 15 minutes and aliquoted in 
Eppendorf tubes. The cells were flash frozen in liquid nitrogen and stored at -80°C. 
Transformation of DNA plasmid into Competent Escherichia coli 
Frozen competent cells were placed on ice until the cell suspension was 
thawed. D N A plasmid was added and the tube was chilled on ice for 30 minutes. The 
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o 
competent cells were then heat shocked in a 42 C waterbath for 30 seconds and cold 
shocked by placing in ice for two minutes. 
Cells were recovered from the heat-cold shock by adding 600ul of LB medium 
with shaking at 150 rpm at 37°C for one hour. The transformed cells were selected by 
plating onto LB agar medium containing appropriate antibiotics. 
5，Rapid Amplification of cDNA Ends (RACE) (GIBCOBRL Cat No, 18374-058) 
The 5' R A C E System was used to synthesize first strand c D N A and the 
subsequent purification, tailing and amplification of the cDNA. 
First strand cDNA synthesis 
Oligo 5RACE-GSP1 (5, TTTCCTCAGGTCCACGATGGTTGGC 3，）（2.5 
pmoles ) was used to anneal to five j.ig of total R N A extracted from a human diseased 
heart. DEPC treated water was added to give a final volume of 15.5 \Xi. R N A was 
O 
denatured by incubating the mixture at 70 C for 10 minutes. The sample was chilled on 
ice and the following components were added: 2.5 |ji of lOX PCR Buffer (200 m M 
Tris-Cl, pH 8.4, 500 m M KCl), 2.5 ！.d MgCl, one lal of 10 m M dNTP mix and 2.5 of 
O.IM DTT. Sample was incubated for one minute at 42°Q one |il of SUPERSCRIPT 
II Reverse Transcriptase was added and the mixture incubated at 42°C for 30 minutes 
to allow for the synthesis of the first strand cDNA. The reaction was terminated by 
heating at 70°C for 15 minutes. RNase Mix (1 jjl) was added to the mixture and 
o 
incubated at 37 C for 30 minutes to degrade the R N A strands. 
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Purification of first strand cDNA 
6 M Nal (3 volumes) were added to bind the first strand reaction and the 
mixture was added to G L A S S M A X spin cartridge and centrifliged at 13000 x g for 20 
seconds. The flow through was discarded and the cartridge was washed with 400 \ji\ of 
a IX wash buffer for four additional times. c D N A was eluted with 50 of sterilized, 
O 
distilled water (preheated to 65 C). 
dC tailing of cDNA 
10 of purified c D N A sample, 6.5 jil DEPC water, five fil 5X tailing buffer O 
and 2.5 yd of two m M dCTP were mixed and denatured at 94 C for three minutes and 
quickly chilled on ice. TdT (1 jil) was added and the whole mixture was incubated for 
o 
10 minutes at 37 C. TdT tailing of D N A was stopped by heat inactivation of TdT for 
o 
five minutes at 65 C. 
PCR ofdC-tailed cDNA 
The nested gene specified primer 5RACE-GSP2 (5， 
TCAGGTCCACGATGGTTGGCCCAG 3，）(10 ^ iM) and the Abridged Anchor Primer 
(10 mM) (5，GGCCACGCGTCGACTAGTACGGGIIGGGIIGGGIIG 3，）(10 _ ) 
were used to amplify specific c D N A product containing the 5' end sequence of our 
HSPB3 gene. The PCR components were as followed: 31.5 sterilized distilled 
water，five jil lOX PCR Buffer (200 m M Tris-Cl, pH 8,4, 500 m M KCl), three \il 
MgCl, one fil of 1 0 m M dNTP mix, two pJ hGW-5GSP2 (10 |iM), two |LI1 A A P ( 1 0 
luiM), five III dC-tailed c D N A and 0.5 ]il Taq D N A polymerase (five units/|Lil). The 
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o 
mixture was then subjected to the following conditions: 94 C/5min, 35 cycles of 
94°C/36s, 55°C/36s, 72°C/2min, and a final extension of72°C/10 minutes. 
Nested Amplification 
In order to generate a specific P C R product containing the 5' end of HSPB3, 
nested amplifications were performed using diluted (1%) original P C R product from 
above as template with a pair of nested primers; Universal Amplification Primer (UAP) 
(5，CUACUACUACUAGGCCACGCGTCGACTAGTAC 3，）and 5GSP3 (5' 
GCATATAAAGCATGATCCAGCCTGC 3，）for the 5RACE-GSP3 PCR reaction and 
U A P with 5RACE-GSP4 (5’ CGCACTGGAATCTCTATGAGGTGCC 3，）for the 
5RACE-GSP4 P C R reaction. 
The resultant PCR products were excised from agarose gel, cleaned 
(GENECLEAN III), ligated with a T A cloning vector (pT-Adv vector, Clontech), 
transformed into D H 5 a competent cells and plated onto LB-agar plates supplemented 
with Ainpicillin. Twenty single colonies were picked and recombinant plasmids were 
isolated. Sequencing was performed to confirm and obtain the 5' end sequence of 
HSPB3. 
3，RACE (GIBCOBRL CAT. NO. 18373-019) 
The 3，RACE System for Rapid Amplification of c D N A Ends was used to 
generate the first strand c D N A from total R N A extracted from a human diseased heart. 
First Strand cDNA Synthesis 
Total R N A (five |,ig) was extracted from a human diseased heart and one |al of 
10 |.LM Adaptor Primer (AP) (5, GGCCACGCGTCGACTAGTAC 
T t t t t t t T T T T T T T T T T 3，）were mixed with DEPC>treated water to give a final 
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o . , 
volume of 12 ^il and heated for 10 minutes at 70 C, then quickly chilled. The following 
components were added in the order shown to generate the first strand cDNA; two \i\ 
of lOX P G R Buffer (200 m M Tris-HCl (pH 8.4), 500 inM KCl), two of 25 m M 
MgCl2, one \x\ of 10 m M dNTP mix (10 m M each ofdATP, dCTP, dGTP and dTTP), 
0.1 M of D T T and one MI of SUPERSCRIPT II Reverse Transcriptase. Mixture was 
o 
incubated at 42 C for 50 minutes and c D N A synthesis was terminated by heat 
o 
inactivation at 70 C for 15 minutes. RHase H (one jul) was added and incubated for 20 
o 
minutes at 37 C to degrade the R N A template. 
Amplification of the 3，end of HSPB3 cDNA 
c D N A synthesis reaction (two pi) from above was added to the following 
components: five ^il of lOX PGR Buffer (200 m M Tris-HCl (pH 8.4)，500 m M KCl), 
three |il of 25 m M MgCl]，36.5 ill sterile distilled water, one of 10 m M dNTP mix 
(10 m M each of dATP, dCTP，dGTP and dTTP), one of a 10 ]iM 3GSP1 (5， 
G A T T C T T C C A T A G C T G T G G A T A A G G A G T 3，)，one jil of a 10 _ U A P and 0.5 |il 
of Taq D N A polymerase (Pharmacia five uiiits/^il). The reaction was subjected to the 
conditions: 94°C/3mins, 35 cycles of 94°C/36s, 55°C/36s, 72°C/lmin and a final 
O 
extension time of five minutes at 72 C. 
Upstream and Downstream Genomic sequence 
Upstream and downstream sequences of HSPB3 were amplified from adapter-
ligated genomic D N A fragments. Clontech's Genome Walker genomic library contains 
five separate sets of genomic D N A which have been digested with five different 
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restriction enzymes; EcoR I，Sea I，Dm I，Pvu II and Ssp 11. Briefly, two antisense 
primers liGW-SGSPl (5，ATAGCCGTGCCCAGACGCAATCACT V) and the nested 
hGW-5GSP2 (5’ TTAGGCCTGAATCATAGCACGGAAT 3，）were used to amplified 
HSPB3 upstream genomic sequences using the five genomic libraries as templates. 
Similarly, hGW-3GSP3 and hGW-3GSP4 together with API (Adapter primes) and 
AP2 were used to generate the downstream genomic sequences. The resultant PCR 
products were cloned into pT-Adv sequencing vectors and sequenced using the LiCOR 
automated D N A Sequencer. 
Isolation of genomic DNA from human tissues 
Extraction and purification of genomic D N A was performed using Clontech's 
NucleoSpin Nucleic Acid Purification Kit (CAT. No. PT3168-1). 25 mg of human 
diseased heart tissue (powdered) was lysed in 180 jji of T1 buffer and 25 jitl of 
O 
Proteinase K，vortexed and incubated at 56 C until completely lysed. Lysate was 
neutralised with 200 [xl of Buffer B3 and incubated at 70°C for 10 minutes. 210 jil of 
95% ethanol was added to the sample, vortexed and transferred into a NucleoSpin 
column. Centrifliged and washed the membrane twice with 500 of Buffer B5. D N A 
was eluted with 100 jil of Buffer BE (prewarmed at 70°C). 
Multiple tissue cDNA panel (MTC) 
The expression patterns of HSPB3 in different human and fetal tissues were 
analysed by using Clontech's Multiple Tissue cDNA (MTC) Panels. First strand cDNA 
generated from R N A were normalised and the expression profiles of HSPB3 across 
different tissues were analysed by PCR. Briefly, the pair of primers; hHSPB3-F-AS2 
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(5’ TAGGGCXJAATTCATGGCAAAAATCATFTTGAGGCACCT 3，）and hHSPB3-R 
(5, TAGGGCGTCGACTCACTTAGTCCCAACTGGATCCTTTA 3，) were used to 
amplify (under non-saturating conditions) the coding region of HSPB3 (450 base pairs) 
using the first strand c D N A from different human and fetal tissues. The resultant PCR 
products were analyzed by agarose gel electrophoresis. Normalization was performed 
to account for the differences in the relative expression level in each M T C c D N A 
panels. The housekeeping gene glyceraldehyde-S-phosphate dehydrogenase (G3PDH) 
was used to standardize the amount of c D N A present within each M T C panels. For 
Prepro-Cardiodilatin-ANP M T C experiments, the pair of primers 5' 
TAGGGCGAATTCATGAGCTCCTTCTCCACCACCA 3'and 5’ 
TAGGGCGTCGACGTACCGGAAGCTGTTACAGCCCAGT3‘ were used. 
The yeast two hybrid screenings and confirmation 
The yeast two-hybrid system 
Saccharomyces cerevisiae strains PJ69-2A (HIS and ADE2 reporters) and 
Y190 (lacZ and HIS3 reporters); two-hybrid GAL4 DNA-binding domain (DNA-BD) 
fusion vector, pAS2-l and GAL4 activation domain (AD) fusion vector, pGAD-424 
and pre-transformed human heart c D N A M A T C H M A K E R library obtained from 
Clontech were used for the yeast two-hybrid assay and library screening. 
Yeast host strain PJ69-2A was maintained in Y P D rich medium. For selection 
of transformed yeast cells，synthetic dropout (SD) media supplemented with amino 
acids omitting specified "dropout" amino acids were used. The media were: SD-Trp, in 
which tryptophan was omitted; SD-Leu, in which leucine was omitted; SD-Leu\Trp, in 
which both leucine and tryptophan were omitted; and SD-Leu\Trp\His\Ade, in which 
leucine, tryptophan, histidine and adenine were omitted. 
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Plasmid constructs 
Recombinant plasmid pAS2-l/HSPB3 and pGAD"424/HSPB3 were obtained 
by subcloning the coding region of HSPB3 (Genebank Accession U15590) into pAS2-
1 and pGAD-424 vectors at EcoR I and Sal I sites. PGR primers used were 5' 
TAGGGCGAA TTCA TGGCAAAAA TCA TTTTGAGGCACCT 3' and 5’ 
TAGGGCGTCGACTCACTTAGTCCCAACTGGATCCTTTA 3，，underlined sequence 
represent the restriction sites. All constructs were verified by D N A sequencing. 
Small Scale Li AC Yeast transformation 
Fresh yeast colonies (strain PJ-69) were innoculated and mixed by vortexing 
for five minutes in one ml of YPD. The culture was transferred into 50 ml of Y P D and 
o 
incubated at 30 C for 18 hours with shaking at 250 rpm until OD600 reached 1.5. 30 
ml of the overnight culture was transferred into 300 ml of Y P D and shaked at 30°C 
until OD600 reached 0.6. Yeast cells were collected by centrifugation at 1000 x g for 
five minutes at room temperature. Cells were washed in 25 ml of sterile water and 
made competent by resuspending in 1.5 ml of fresh IX TE/LiAC Buffer (10 m M Tris-
HCl, one m M EDTA, 100 m M LiAC，pH 7.5). 0.1 路 of the recombinant plasmid 
liHSPB3-pAS2-l together with 0.1 ml of herrings testes carrier D N A (denatured at 
lOO^C) were added to 0.1 ml of competent yeast cells and mixed. 0.6 ml ofPEG/LiAC 
(poly-ethylene glycol and Lithium acteate) was added, vortexed and shaked (200 rpm) 
for 30 minutes at 30°C. 70 MJ of 10% dimethyl sulfoxide (DMSO) was added followed 
by heat shock at 42°C for 15 minutes and a cold shock (sample placed on ice). 
Transformed cells were spun down at 14000 rpm for five seconds and resuspended in 
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500 |il of IX TE buffer. Transformed cells were selected by plating on SD-Trp agar 
o 
plated and incubated at 30 C. 
For simultaneous co-transformation of two plasmids into the same yeast host, 
equal amounts (0.1 |ig) of plasmids pAS2-l/HSPB3 and pACT2/library insert (isolated 
and purified) were used. Same procedures as above but the selection process requires 
plating the cells on to SD-Leu/Trp media. 
Mating of bait plasmidpAS2'l/HSPB3 with the pre-transformed cDNA library 
Log phase yeast cells (PJ69-2A) harbouring the recombinant plasmid pAS2-
1/HSPB3 was collected by centrifligation at 1000 x g for five minutes and resuspended 
in five ml of residual liquid. 45 ml of Y P D A supplemented with Kanamycin (25 |ig /ml) 
was added to a 2-litre flask together with the pre-transformed library and the yeast 
transformed cells. Culture was incubated for 20 hours at 30°C with shaking at 50 rpm 
Mating culture was collected by centrifligation and rinsed with 50ml of YPDA/Kan. 
Cell pellets were resuspended in 10 ml of YPDA/Kan and spread onto SDVAdeVLeuV 
Trp\-His agar plates. Plates were incubated at 30°C until colonies appeared. 
Beta Galactosidase analysis — colony lift filter assay 
Fresh yeast colonies were transferred onto a piece of V W R filter paper and 
colonies were permeablized by placing in liquid nitrogen for 10 seconds and thawed at 
room temperate. The filter with colony side upwards was placed on a piece of filter 
paper pre-soaked in 3ml of Z Buffer (for IL, add 16.1 g NasHPO^JHsO, 5.5 g 
NaHzPO+HzO，0.75g KCl and 0.246 g MgS04.7H2〇，adjusted to pH 7.0 and 
autoclaved), 8 jol of beta-mercaptoethanol and 25 of 5-bromo-4-chloro-3 -indolyl-
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o 
beta-D-galactopyranoside (50 mg/ml). Colonies were incubated at 30 C and the 
development of blue colour was observed. 
Liquid ONPG Assay 
Yeast colonies harvesting both the bait and library plasmids were grown 
overnight in five ml of SD-Leu\Trp medium, two ml of the overnight culture was 
innoculated into 8 ml of Y P D and shaken until mid-log phase. Three separate 1.5 ml of 
the culture was centrifuged at 14000 rpm for 30 seconds and washed with 1.5 ml of Z 
Buffer. Cells were concentrated by resuspension in 300 ^ il of Z buffer. 100 of cell 
suspension from each of the three tubes underwent three cycles of freeze and thaw in 
O 
liquid nitrogen (30 seconds) and 37 C (1 minutes) waterbath respectively. 0.7 ml of Z 
Buffer/ beta-mercaptoethanol (10 ml/0.027 ml) and 160 of O N P G (Sigma, M O , 
USA) (dissolved in Z buffer at four mg/ml) were added to the reaction and to the 
blank (100 |j,l Z buffer). The tubes were mixed and incubated at 30°C for 30 minutes 
to allow the yellow colour to develop, and the reactions were stopped by adding 0.4 
ml of one mole Na^COg. After centrifligation, the supernatant was subjected to 
spectrophotometric analysis by measuring the optical density at a wavelength of 420 
nm (OD420). One arbitrary beta-gal unit was defined as the amount which hydrolysed 
one i^mol O N P G to o-nitrophenol and D-galactose per minute and calculated 
according to the formula (1000 x OD420/time x OD600 x dilution factor). The activity 
of beta-gal was measured in each of three separate yeast clones and the average 
activities with standard deviation were calculated and plotted. 
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Colony Yeast PCR 
A pipette tip amount of fresh (up to four days old) yeast colonies were used to 
innoculate a P C R reaction mixture containing five jil of lOX P C R Buffer (200 m M 
Tris-HCl (pH 8.4), 500 m M KCl), three \x\ of 25 mM MgCl^, 36.5 …sterile distilled 
water, five of two m M dNTP mix (10 m M each ofdATP, dCTP, dGTP and dTTP), 
one of a 10 [xM M A T C H M A K E R 5' LD-Insert Screening Amplimer (5， 
GATAAGCTACTACTTCTATGGGGTGGTTTGGG 3，)，one of a two |iM 
M A T C H M A K E R 3' LD-Insert Screening Amplimer (5' 
TTCACTTGAACGCCCCAAAAAGTCATATGATGC 3，）and 0.5 of Taq D N A 
polymerase (Pharmacia five units/|il). Yeast cells were dispersed by vortexing the 
reaction tube for one minute. The reaction was subjected to the conditions: 
94°C/5mins, 40 cycles of 94°C/36s, 52°C/36s, 72°C/100s and a final extension time of 
o 
five minutes at 72 C. The resultant PCR products were resolved in IX TBE agarose 
gel and visualised by UV. 
Plasmid isolation from yeast 
Overnight cultures (SD medium minus leucine) of yeast colonies harvesting the 
recombinant library plasmid (pACT2/library insert) were centrifuged at 14000 rpm for 
five seconds. Yeast cells were resuspended in 200 of Yeast Lysis Buffer, 200 jil of 
phenol-.chloroform and 300 mg of Acid Wash Glassbead (Sigma). The mixture was 
voitexed for two minutes to lyse the cells and centrifuged at 14000 rpm for five 
minutes. The top aqueous layer was transferred into a clean tube and plasmid D N A 
was purified by G E N E C L E A N III (Bio 101 Inc., La Jolla, U.S.A ) according to 
manufacturer's instructions. 
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Selection of the recombinant library plasmid containing our gene of interest 
Yeast colonies harbouring both the bait (HSPB3) and library (Prepro-CDD-
ANF) recombinant plasmids were innoculated in 25ml of SD medium without the 
amino acid leucine and tryptophan. Both types of recombinant plasmids were isolated 
following the yeast plasmids isolation steps above. The resultant plasmids were 
transformed into K C 8 chemically competent cells (Clontech) following the 
manufacturer's instructions. The selection of the library plasmids was done by growing 
the transformed cells on M 9 media agar plates without the amino acid leucine and 
o 
supplemented with Ampicillin at 50 |ig/ml. Plates were incubated at 37 C until 
colonies appeared. These colonies were innoculated in 2ml of LB A medium and 
plasmid was isolated following standard procedures described above. The library 
plasmid was verified by restriction digestion with Xho I and EcoR I, sequencing and 
PGR using vector sequences. 
Isolation of total RNA from human diseased heart tissue (QIAGEN Rneasy Mini 
Kit Cat. No. 74104) 
30 mg of human diseased heart tissue was grinded under liquid nitrogen. 600 |al 
of Buffer RLT was added and the lysate was homogenised by passing through a 
QIAsliredder column and centrifliged for two minutes at 13000 rpm. Equal volume of 
70% ethanol was added to the cleared lysate and transferred to a RNeasy mini spin 
column. Column was centrifliged and washed with 700 ]i\ of Buffer RWl, washed 
twice with 500 \i\ of Buffer RPE. R N A was eluted with 3〇 pi of DEPC-treated water, 
three of the R N A was electrophoresed in a 1% Formaldehyde gel and the 
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concentration was determined spectrometrically. Expected yield of total R N A isolated 
was five ]xg from a 30 mg starting sample. 
Automated Sequencing 
Sequencing reactions were performed with the Thermo Sequenase Cycle 
Sequencing Kit (USB Cat. No. US78500). Sequencing primers were custom 
syiithesised with appropriate fluorescent labelling. The sequencing reaction was 
performed by combining the following: 1.5 jol of Ipmol fluorescent primer, two \i\ of 
Reaction Buffer, two of Thermo Sequenase D N A polymerase, two juil of template 
and 10 jil of distilled water, four of the reaction mixture was then transferred to 3.5 
|il of ddATP, ddCTP, ddGTP and ddTTP. The sequencing reaction was put through 
40 cycles as follows: 95。C/30s, 55°C/30s, 72°C/100s with an initial denaturation 
temperature of 95°C for five minutes. Reaction was terminated by adding four ]i\ of 
O 
stop solution, samples were denatured at 95 C for five minutes before applying to the 
sequencing gel D N A sequence was resolved by either LiCOR D N A Analyser 4200 or 
Pharmacia A.L.F. D N A sequencer. 
Alignment of DNA and amino add sequence 
The alignment of D N A and protein sequence was performed using the software 
DNASIS by Hitachi Corp. Protein multiple sequence alignment and schematic diagram 
was generated by M A C A W , Version 2.0.5, National Center for Biotechnology 
Information (NCBI) 
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Radiation hybrid mapping 
PCR was applied to a panel of 24 somatic cell hybrids D N A (human/rodent 
somatic cell hybrids mapping panel 2-Version 3; National Institute of General Medicine 
Service, Coriell Cell Repositories). Primers used were the nested 5' human HSPB3 
genome walker primers, hGW-5GSP2 ( 5， T T A G G C C T G A A T C A T A G C A C G G A A T 
3，) whilst the forward primer is the HSPB3 upstream genomic primer 3GSP1 (5， 
GATTCTTCCATAGCTGTGGATAAGGAGT 3’）. Touchdown PCR condition was as 
follow: 95°C/5 min, 30 cycles of 95°C/36s, 72°C/36s (-0.4°C per subsequent cycles), 
72°C/150s, then 10 additional cycles of 95°C/36s, 62°C/36s, 72°C/150s. 
For radiation hybrid mapping, PCR was applied to the Genbridge 4 whole-
genome Radiation Hybrid Panel consisting of 93 genomic D N A from the same number 
of human-on~hamster somatic cell lines. 25 ng of genomic D N A were used for the 
amplification in a final volume of 50 |il of PCR buffer, primers, dNTPs and Tag 
polymerase (Pharmacia Biotech). Based on the analysis of PCR products on 2% 
agarose gel, the presence and absence of the specific band are scored as 1 and 0, 
respectively. 
The screening results were processed by the software R H M A P P E R at the 





Determination of the full length of human HSPB3 cDNA by 5' and 3' RACE 
Our group has previously isolated a cDNA clone named HSP-Like-27 (HSPL 
27) that has sequence similarity to the chicken inhibitor of actin polymerisation. 
However the sequence of the cDNA clone was infact an artefact that has an extra 
sequence correspond to PI-4-Kinase in the 5' end. 
Using diseased total R N A isolated from a human heart we were able to isolate 
and obtain sequence information corresponding to the 5' and 3，end of the HSPB3 
gene by RT-PCR and RACE. Primers designed based on the centrally located coding 
region were used to amplify the upstream and downstream sequences. The two 
overlapping fragments were assembled to generate the full length of HSPB3. 
5' RACE 
The dC-tailed cDNA was amplified initially by the primers GSP2 and AAP, the 
resultant PCR gave a smear of products. Specificity was achieved by re-amplificaiton 
with a pair of nested primers GSP3 and UAP which generated a specific PCR of size 
350 bp (Figure la). To confirm the nature of the PCR product, another set of PCR was 
performed using another nested primers 5RACE-GSP4 and UAP, a specific PCR 
product of size 287 bp was obtained. Sequencing and alignments of the 20 independent 
clones revealed the true sequence of the 5' end of HPSB3. When this 5' end sequence 
was searched against the ESTs database, there were no ESTs which contained the 




When the nested 3, PCR products were sequenced and aligned, we found that 
this sequence showed significant similarity with the 3, end of HSPL27. Both contained 
the conserved alpha-crystallin domain of the small HSPs family. The full length 
sequence of HSPB3 was deduced by joining the two overlapping ends of sequence. 
HSPB3 cDNA (Figure Ic) contains 764 base pairs, having a unique start codon (176), 
a poly—A signal (753) and the open reading frame (174-628 bp) encodes a 150 residue 
protein. The accuracy of the sequence obtained was verified by extensive automated 
sequencing of 20 independent colonies. The cDNA and the amino acid sequences were 
submitted to the National Center for Biotechnology Information (NCBI) 
(http://www.ncbi.nlm.nih.gov) and given the accession number: U15590 and 
AAD05360, respectively. Primers designed based upon this revised sequence were 
used to amplify the coding region for the subsequent studies. 
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1 gcattccgtg ctatgattca ggcctaatta agtgattgcg tctgggcacg gctataaacc 
61 actagctgct tcaactggta atccagtcag taggcaactg caggggctcg ccactgactg 
121 aaggcagtgg aaggttggca gaaggaggct gttcaaggct gtttttgcct tcactatggc 
181 aaaaatcatt ttgaggcacc tcatagagat tccagtgcgt taccaggaag agtttgaagc 
241 tcgaggtcta gaagactgca ggctggatca tgctttatat gcactgcctg ggccaaccat 
301 cgtggacctg aggaaaacca gggcagcgca gtctcctcca gtggactcag cggcagagac 
361 gccaccccga gaaggcaaat cccactttca gatcctgctg gacgtggtcc agttcctccc 
421 tgaagacatc atcattcaga ccttcgaagg ctggctactg ataaaagcac aacacggaac 
481 cagaatggat gagcacggtt ttatctcaag aagcttcacc cgacagtaca aactaccaga 
541 tggcgtggaa atcaaagatt tgtctgcagt cctctgtcat gatggaattt tggtggtgga 
601 agtaaaggat ccagttggga ctaagtgaca tcgtatcggt tcctgttcag atgacatggg 
661 gaagatgatg gttcagccac tggtactacg agaatgtttg tattacccac atttgaaatg 
721 atttgctatg atttttatga agaataaaaa tatatacaca gtta 
Figure 1 
5' RACE to isolate and deduce the 5' end of the HSPB3 cDNA 
a ) Agarose gel analysis of 5’ RA C E products using human heart total RNA. 
Lane i i is the nested amplification (5RACE-GSP3/UAP) using dC-tailed primary PCR product 
as template. Lane i i i is the nested amplification PCR product using primers 5RACE-GSP4 and 
UAP. M is Marker, i and i v are the negative controls. 
b ) Schematic representation of the human HSPB3 domain structure and 
c ) the revised cDNA sequence of HSPB3 (Genebank Accession U15590)，green, blue red indicate 
the sequence of the antisense primers, 5RACE -GSPl -GSP3 and -GSP4 respectively. 
(M) is the Lambda DNA-Hind III Digest D N A Marker from Pharmacia Biotech 
Identification human HSPB3 gene in mouse and rat heart tissues 
Using internal coding region primers designed based on the human HSPB3 
sequence, we have successfully isolated and sequenced the complete sequence of 
mouse and rat HSPB3 cDNA. Using this information, the mouse and rat HSPB3 
coding regions were amplified from the respective cDNA libraries. 
Mouse HSPB3 
From a mouse heart cDNA library (Clontech, Marathon cDNA library), using 
anchor PGR method we have deduced both the upstream and downstream cDNA 
sequence of the mouse HSPB3. The internal primers used were; M0USE-5GSP1, 
nested MOUSE-5GSP2 antisense primers for the 5’ reactions and M0USE-3GSP1, 
nested MOUSE-3GSP2 sense primers for the 3' reactions. The sequences from the 
two overlapping PGR products (5' and 3' reactions) were used to construct the full 
length cDNA. Mouse HSPB3 cDNA consists of 781 nucleotides and the deduced 
coding region encodes a 154 residue protein. The accuracy of the D N A sequence was 
confirmed by automated sequencing of 30 independent clones. Both the cDNA and the 
amino sequences were submitted to the National Center for Biotechnology Information 
(NCBI) and were given the accession numbers AF203375 and AF09589 respectively. 
The amplified coding region was separated in a 1.5% agarose gel and the size is 486 bp 
including the restriction sites and primer's GC clamps (Figure 2). 
Rat HSPB3 
From Clontech rat skeletal muscle cDNA library, we isolated by PCR and 
verified extensively by sequencing the complete coding sequence of rat HSPB3 cDNA. 
The full length of the cDNA consists of 741 base pairs and the open reading frame 
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encodes a 152 polypeptide. Both D N A and the protein sequences were sent to NCBI, 
the accession numbers are AF203374 and AF09588 respectively. The coding region 
(147 bp -605 bp) was amplified using the primers Rat-FOR and Rat-REV and the size 
of the PCR product is 480 bp including the restriction site and primer's G C clamps 
(Figure 2). 
A B NC M C NC M D NC 
< ~ 4.3 kb 
^ ^ ^ ^ J l l l l l P l ^ l l j J I I I ^ ^ ^ ^ J i l i i i i < ~ 1.35 kb 
Figure 2 
Agarose gel shown the coding region of each HSPB3 homologues in mouse, human and rat 
Different set of primers were used to amplify the coding region from Clontech's marathon ready 
cDNA library. Lane ( A ) Human HSPB3 full length cDNA containing 764 base pair plus the 24 
base pairs for the GC clamps, ( B)MS-FOR and MS-REV to generate mouse HSPB3 from the 
mouse heart cDNA library, ( C ) HU-ORF-F and HU-REV to generate Human HSPB3 from the 
human heart cDNA library and ( D ) RAT-FOR and RAT-REV to generate rat HSPB3 from the rat 
skeletal library. 
N C are the negative control for each of the reactions. The size of each PCR product including the 
GC primers clamp and restriction sites for mouse, human and rat are 486 bp, 474 bp and 480 bp 
respectively. 
(M) is the Lambda DNA-Hind III Digest D N A Marker from Pharmacia Biotech 
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Sequence Identity among human, mouse and rat HSPB3 
Nucleotide 
The alignment of c D N A sequence of human, mouse and rat HSPB3 was 
performed by DNASIS Software (Hitachi) and is shown in figure 3. The three HSPB3 
shared a high degree of sequence similarity (65%) with the alpha crystallin domain 
sharing some 85.6% of homology. Mouse and rat sequence are even more similar with 
up to 86% (cDNA averaged) and 98% within the alpha crystallin domain. All three 
HSPB3 contain a defined start and stop codon and the poly—A signal. 
Protein 
The amino acid sequence of human, mouse and rat HSPB3 were predicted 
using the program DNASIS. Alignment of the three homologues (Figure 4) revealed 
that they share a high degree of homology especially between moues and rat, up to 
89.4%, between human and the other two homologues up to 81.3%. All three proteins 
contain the conserved alpha crystallin domain that is the characteristic of all small heat 
shock proteins. The size of this domain contains 82 residues and it is 100% identical 
between mouse and rat, whereas comparing to human counterpart the homology is up 
to 95%. Interestingly the alpha crystallin domain is the most conserved region across 
members of the sHSPs in both eukaryocytes sand prokaryocytes. All three possess 
short C-terminal extension which distinguishes them from the other small heat protein 
family members, (HSPB2/MKBP and HSP27 has a longer C~terminal extension) 
The amino acid primary sequences from seven members of the mammalian 
sHSP were aligned using the program M A C A W (Figure 5). The seven proteins are 




[： HSP27/HSPB1 (NP_001531), HSPB2/MKBP (NP—001532)，HSPB3 (AAD05360), 
； 1 . 
mouse (AAF09589) and rat HSPB3 (AAF09588). Genebank accession numbers are 
indicated in the bracket. The seven sHSP shared the highest similarities within the 
conserved alpha crystallin domain; the size of this domain varies very little between 




10 20 30 40 SO U1SS90. SEQ 1 |C ---||r||h-C 么- —— r CvAtTCAC^GCC TAATtAAGTC. SO HS B3.SEQ 1 ITGAAAAGAC AAG&lk&T [？^T&d^C {； Cv^Uf CAAJTAAGCT SO 
RAT_B3.SEQ 1 | - - 良 口 C五 CM^GC： GJU f 1： iUl^KJ T SO 
一 SO 70 80 90 100 U15S30.S1Q 51 T il^ C^T^CTTCA U^CTl^&TiUYC 100 I.IS_B3.SEQ SI iici—Ilii iciiiiiiici 办卯？如？在3LCWGWC 100 
P,AT_B3.SEQ SI | | | | - - | | | | 編卜I ！！籠驗！!"- A^ T^ A^AG^  100 
一 110 120 130 J.4D ISO U1SS90.SEQ 101 C^i^'SCWhiSr (Jly^CTCG^CCtA G-CAaiGGAAG ISO HS_B3.SEQ 101 ！-CWlSCjAtT ASAC'tAI^-AC.i. CrCAtG^ A^^.- & ISO RAT_B3. SEQ 101 i^iCTC(JG-^ipTGUACis^ Q ISO 
一 ifi 170 180 19 0 • 200 U1.5S90. SEQ ISl &TT&GCAGAA «?XT CJA&Gil^^PTiJTT TTTC-^fJTTCA t J T 為 2 0 0 HS_B3.SEQ ISl fiAA^ftiStrfGtCGtrCt^^f6 C1AfCAA^ . 200 RAT_B3.SEQ ISl 邸A兵郎胁IT^ CJTT^ C^TTCTqt 200 一 210 220 230 240 250 TJ15S30. SEQ 201 办鸟! j H ?森! T T T T I T t � 2 S 0 HS_B3.SEQ 201 MG.^ i^t'TtiS' ilt-tSCAtCTC'iL 250 RAT_B3. SIQ 201 •p+^TE .^^ ^CAi^ CT /^. W 2S0 “ 2S0 270 280 2 30 300 TJ1.5S90.S5EQ 2S1 朔TCtA^A C^v^TC^T'i^C TTTATAT&CA 300 HS_B3.SEQ 2S1 tT：iSJiASCYS^  hi^-G^tHA^kA friUjfcr礼GiC GAtAC ACt^ .^ACaC^. 300 RAT_E3.SEQ 2S1 H^ U^k^ tQi^  mCTf^ WM 貼口^J^Wq-ATPC fCWJ^CGC.^  300 310 320 330 340 3 SO U1S.590.S1Q 301 CmtSClUT紹CAkCti^T^U-T &秘tJCTC-ASi?在AAGQ：餅GfJ - —CJAS—— 350 HS—BS.SEQ 301 CA^ G^S^AIEmi ^ a^GCtCyi^-T ilA為C^CGA夺惠& ^CGCA^GCAC 350 RAT_B3. SEQ 301 J^ti^ iTCq^ W CJA^ CMm 在(JSt•秘郎 4 在 姊 秘 二_二||| 350 360 370 380 3^ 6 400 U1.5S30.SEQ 3S1 —C^ nMltil f!CtfC(jJ^ ^^Tfet^  -q： G^A^&AG^J Sfc^Ge<?C5k»‘& 400 HS_B3-SEQ 3S1 G5GCACPH CJtlUC息tWM^C^  ACTCA^ C^Ctfi： C A C C ； 夺 泉 ? 4 0 0 RAT_B3.SEQ 3S1 GJLA兵资GQiU C t f ？ 4 0 0 410 fgO 430 440 mL U1SS30. SEQ 40X 真Jtl?C个tj M^ATG CCACTtTCAfe .^fCtr^ ^^TG^?- fi-C(^TTGCTCCCT 450 HS B3.SEQ 401 MtJtl^C CCaTTTCCJ'.C- ^^TCCT^ C^T^& AT&TtJ&ICCA &ITCCT!?CCC 4S0 數德悉德趣應 4S0 
一 ：…:…..:...“,.:i.i^:).lj.ii;"":.:……工:|；[|| ]T�V.I:……^“.J^U 3UU U1SS90.SEQ ifq-^ fTtMI^ C JJf^ J^&AAl^ G^S S^eetAdTC'^^ fAAAACCACAl SOO HS_B3.SEQ 4£1 CA TC&TOCA^JAC CTT CC^A&C^C T^^i-CTC^CTCTrA T C & G AO A SOO HAT_E3. SEQ 4Sl| 薛真qi&A•！3九iChk ！Tfi-A!?t&Al^V： gtCG-AC^G^C t^ dvGtgeTfeA JaAj^ g^CAtJlJ SOO SIO £20 £30 S40 £50 TJ1S590. SEQ 501 pJG^fiJaAAC^? TC，^i^C^G^^ T^TT CtikOCT^C^^ CCCj SSO H3_E3. SEQ 501 S-tilArGGjAAq：!? A梦&各AAl^ACISCftJ-TX li^TATCGCGQ. £50 
RAT 3. SEQ SOI _||議||__ |^1||||：|| 穩1|_:|蔡_| _|:_議聽|1 翁纖築誦翁疆：錄 S S 0 
SSO S70 SSO SSO 6 0 0 
U1SS9Q.SEC! 5511隨鼸！！國纖綱疆_匪丨�___ ‘ '^ ^！國饑腫：“騰疆,機| 600 HS_B3. SEQ SSI i^tTC^VCJj^I^Jt CCAAAGS-Atf? G-lCTG-CCAT!： 6 00 IlAT_B3. SEQ SSI C^QAt^JWA^  A C ? C ^ P x ^ ^ - ^ I ^ A T T ? i^TCTf^ilC^TC 600 
k^ij …说.…….•……“J| i^b* U1SS90.SEQ 601 OTCTCMTC^^Tt^  js^Tl^SUAATTXT ^^TSJCyTC^C-AA 6S0 HS一B3.SEQ 601 CttHAfig. t iSTCJLkAGiJT CAcJAeoGAd 650 RAT_B3. SEQ 601 C艾GJiTTS^JTS EH'^^ iUs^PtJAyC tPATTACA&AC 6S0 660 S70 680 690 700 U1SS90. SEQ SSI li^ h^ JJ^ C^S^ r T&AW.T&G-P qi-A^feUATCS-ATG- 700 IIS_B3.SEQ SSI SJiUuiStJA^ilCJ GCtltli^？?t ftAAiJ-AAiL 700 RAT_B3. SBQ 651 ？：森兵孩C?T！？CT-GICnii  A森鸟PJMltWU^无 700 710 720 730 740 7S0 U15SS0. SEQ 701 I?T-9C?-TA.CT APGAGAAT&T TT'JT A TTAC:i: —— CAQ； 7S0 HS_B3. SEQ 701 iJGtJAGiJGACJA EJCCS&^&GAAJI： •JT&Ai^^ TGGA 7 50 RAT—B3. SEQ 701 ||!| CJCJt&AA-'? Tf^ JTA^ h^ JC CTGCTGTA-iC 7S0 7 60 770 78 0 790 800 U1SS90 . SEQ 7S1 ATTTGAAATG A/TTTGCTitfe i.TT~TTT5.TG fi-AGS-ATAA-A AATATATACA 800 HS_E3. SEQ 7S1 TT TTAT^J&iJiS- iU； TiUi AilA AA ACCAAA^TGtA TCCACCGTTA 800 RAT_B3. SEQ 751 tTGTAT泛&&& L^TTAAAAATG- --TA.ICCACA AAAAAAAAAA SJ^^AAAiLAAAiL 800 810 820 83 0 840 850 U15S90 . SEQ 801 ciGTli 8.50 HS_B3. SEQ SOI SSO RAT_E3.   AAA爲Ai 8 5 0 Figure 3 Seq ence alignment between human, mouse and rat HSPB3 cDNA using DNASIS. The highly conserved alpha crystallin domain is 投ghlighted in the box. A T G start and T G A stop codo are indicated by the ope and filled stars, respectively. 
10 20 30 40 SO HUHAI.re3.AHI 1 BlMrS 梦 tlSElr f IVfi tiSS^tTfeA SO 
P,ATB3. AHI 1 SH!rm^tJ-EEF S息;WJ玉S&fla SO 
SO 70 SO £>0 100 
HUIIAI.IB3.AI.ri SI iQsiPV-— DSA|||iP| 縫酵縫||編 _!1|纏羅| 聽麵麵漏縫: 100 H0USEB3.AHI 51 kOrfP^QkU^m S A E ^ T I > t > rrjTEl-&^ ttLLl 100 RATES. AKI SI -^ K l^JiA?!' X^'^ K^ i^'^ C^S GKSP.&trtLLt •XQT^i&TiaLl 100 110 120 130 140 150 HxjHAirBS-jLH工 101 mtx^mm QTKii^ j^ OTi ciiwwgcp iso H0TJSEB3.AHI 101 IK^^QS^&t 转 fvFjt^  &在 ft!；?， 0 xTl G? lATVSVKt) S ISO RJlTBS.AHI 101 K孔OJi^tTStl&S aGP^IS&Snr艾:R Q T K I 1 5 0 ISO 170 ISO 190 £00 HUIAI.rB3 . AHI ISl V議讓 200 H0TJSEB3 . AIII ISl i|議II 200 HATB3. AHI ISl _E_ 200 
Figure 4 
Amino acid comparison between human, mouse and rat HSPB3, 
The alpha crystallin domain (resides 63-143) is the most conserved region between human, 
mouse, rat and is indicated by the thick black line. All three homologues contain the short 
C-terminal extension. The dotted line is the less conserved N-terminal region 
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Figure 5 
Sequence alignment between different members of the mammalian sHSPs 
a) Primary protein sequence alignment between different small heat shock proteins. 
All are human sHSPs except the mouseBS and ratB3 indicating mouse HSPB3 and rat HSPB3. 
Area enclosed within the bold box is the conserved alpha-crystallin domain. 
b) Schematic representation of the domain structures between the sHSPs. 
Thick bold boxes indicate the alpha-crystallin domains. Note the short C-terminal extensions 
in human, mouse and rat HSPB3 when comparing to other sHSPs. The number in the right 
represents the amino acid length of the sHSPs and the Genebank accession codes for each 
sHSPs are indicated in the brackets. 55 
Protein secondary structure prediction of human HSPB3 
The predicted amino acid sequence (150 residues, Genebaiik Accessson 
AAD05360) was submitted to a protein prediction software called JPred2. The 
predicted secondary structure of human HSPB3 is shown in figure 6. The algorithms 
suggested strongly that the conserved alpha crystallin domain in HSPB3 is 
predominately made up of beta strands. At the same time three algorithms identified 
the N-terminal region may contain alpha helix structures. 
The recently solved X-ray crystallographic structure of a small HSP in 
Methanococcus jannaschii coincides with our predicted alpha crystallin domain 
structure in HSPB3. Also the X-ray data revealed that a pair of beta strands in the 
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Figure 8 
Hydrophobicity Plot (Hopp & Woods，DNASIS) of human (a), mouse (b) and rat (c) HSPB3 
The trends between the three plots are higSfy similarly. The threshold line is at 0.0, whilst the 
average hydrophobicity is shown in the table as calculated by the DNASIS program. 
Chromosomal mapping of the HSPB3 gene 
For somatic cell hybrids, a distinct band of size 1.2 kb corresponding to the 
human HSPB3 genomic sequence was found in chromosome 5 only (Figures 9a & 9b). 
This genomic sequence contains the 5' end of the HSPB3 exon and its upstream 
genomic sequence as deduced by the genome walker results. Next, for radiation 
hybrids (Figure 9c), the presence and absence of PCR products from the Genbridge 4 
whole genomic radiation hybrid panels (containing 93 different cell lines) were scored 
as 1 and 0 respectively. The data generated are a follows: 00000 00001 00111 00000 
01011 00010 01001 00010 11001 10000 10101 10010 00010 00100 01010 00000 
01010 01011 000. Using a L O D threshold of 15，HSPB3 gene was placed 22.8 cR 
below framework marker AFM303TH5, which maps 134.09 cR from top of 
Chromosome 5 linkage group. 
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Figure 9 
PCR screening of HSPB3 genomic sequence between a) human, mouse and hamster and 
b) screening of a panel of 24 somatic cell hybrids DNA. 
Numbers above each lane denote the chromosome number. 
c) The same PCR reaction was applied to the Genbridge 4 whole-genomic Radiation Hybrid 
Panel consisting of 93 genomic DNA from the same number of human-on-hamster somatic 
cell lines. M is the GeneRuler lOObp Plus DNA Ladder Marker from MBI Fermentas. 
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Figure 10 
Whitehead framework map of Human Chromsome 5 showing the position of HSPB3 
HSPB3 was placed 22.8 cR below the framework marker AFM303TH5 (underlined in 
red), which maps 134.09 cR from top of Chromosome 5 linkage group. 
Expression of human HSPB3 is not confined to the heart and skeletal muscle 
The results from the multiple tissue cDNA Panel (Figure 11) indicated that the 
HSPB3 is present in tissues other than the heart and skeletal muscle as previously 
reported 12. The signal intensities of the PCR products in the agarose gel provided 
indications on the expression levels of HSPB3 in each tissue. Coinciding with Northern 
analysis 12, HSPB3 is strongly expressed in the heart and skeletal muscle，in both adult 
and foetus. At the same time, HSPB3 is also found in the brain, spleen, prostate and 
the colon of adults and in the fetal liver and lung as shown in the agarose gel. This was 
not detected in the Northern blot analysis as the expression level may be too low to 
generate a visible signal. 
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Figure 11 
Detection ofHSPB3 in various human adult and fetal tissues by RT-PCR 
Multiple Tissue cDNA Panels (Clontech) were used to amplified first strand cDNA using from 
various human tissues. PGR products were separated on 1.5 % TBE agarose gel and contain 
the HSPB3 open reading frame, 450 base pair plus 24 base pairs for the primer clamps and 
restriction sites. Positive control is the housekeeping G3PHD gene. 
Differences between levels of expression between each adult andfetal tissues were 
normalised by PCR with the house keeping genes GADPH and G3PDH respectively. 
M is the Lambda DNA-Hind III Digested DNA Marker from Pharmacia Biotech. 
Lane 1 Heart, 2 Brain, 3 Placenta, 4 Lung, 5 Liver, 6 Skeletal Muscle, 7 Kidney, 
8 Pancreas, Marker, 9 Spleen, 10 Thymus, 11 Prostate, 12 Testis, 13 Ovary, 
14 Small Intestine, 15 Colon, 16 Leukocyte, 17 Fetal Brain, 18 Fetal Heart, 
19 Fetal Kidney, 20 Fetal Liver, 21 Fetal Lung, 22 Fetal Skeletal Muscle, 
23 Fetal Kidney, 24Fetal pancreas. PC - Positive Control, NC - Negative Control 
Mouse HSPB3 expression is most abundant in the heart 
The radioactive labeled mouse HSPB3 probe was used to perform the Northern 
blot analysis. The cDNA probe (encoding the full open reading frame of mouse 
HSPB3) hybridized to a 0.9 kilobase pairs m R N A transcript which is specifically 
expressed in the heart (Figure 12). The size fits well with the cDNA (723bp) with a 
poly一A tail added. In human, HSPB3 cDNA hybridized to a m R N A transcript with 
size of 0.87 kilobase pairs. W e did not detect any signal in the mouse skeletal muscle 
sample or in other tissues after a longer exposure as it did in the human Northern blot. 
There is a possibility that HSPB3 expression is more specific in mouse and possibly in 
rats as well than in human. A more sensitive method of detecting the presence of 
HSPB3 in other tissues such as RT-PCR is required to reinforce the Northern blot 
findings. 
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Figure 12 
Northern blot analysis of the expression of each sHSP mRNA in various adult mouse tissues 
A set of Adult Moues Multiple Northern blot (CLONTECH) was used, each lane was loaded 
with 2 \ig of poly(A)+ RNA isolated from the indicated tissues. HSPB3 cDNA hybridized 
to a 0.9 kb mRNA specifically expressed in heart. 
HSPB3 genomic PCR of downstream sequence from the internal primers hGW-
3GSP3 and hGW-3GSP4 
Using Clontech's adapter ligated genomic D N A libraries (DL 1-5), we 
amplified downstream genomic sequences of HSPB3 using internal gene specific 
primers hGW-3GSP3 and hGW-3GSP4 designed based on the c D N A sequence. The 
PCR products 3GSP4/AP2 from five different restricted libraries are shown in figure 
13a. Library one contains two bands, 1.1 kb and a fainter one with size 600 bp. The 
other four single band PCR products were sequenced and the sequences were aligned 
by DNASIS as shown in figure 14. The internal primers were used to amplify the 
genomic D N A but the sequence data revealed identical sequence to the HSPB3 cDNA, 
which we deduced from above. In another word, there is no intronic sequence in 
HSPB3 from position 146 to the end of the cDNA sequence. W e have sequenced 192 
base pairs of downstream HSPB3 genomic sequence from the end of the 3’ exon. 
HSPB3 upstream genomic sequence from the internal primers hGW-SGSPl and 
hGW-5GSP2 
The size of the HSPB3 upstream genomic sequences are shown in figure 13b. 
Specific PCR products were obtained from genomic libraries digested with Dm I and 
Ssp I restriction enzymes. The two genomic PCR products have length 1.7 kb and 1.4 
kb respectively. W e were able to sequence 600 bp of the upstream genomic D N A from 
the HSPB3 exon. 
Using the sequences obtained from both the upstream and downstream genomic 
results, we constructed a map representing the HSPB3 loci (Figure 14). The loci map 
showed the positions of the restriction sites on either side of the HSPB3 exon. 
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No intron sequences in the open reading frame 
Genomic D N A isolated from a human heart was used to amplify the coding 
region of HSPB3，the size of the PCR product was identical to that using cDNA as 
template. Cloning and sequencing of the genomic PCR product revealed that it is the 
I same as the c D N A sequence. Taken together with the genome walker results (above), 
I 
we can speculate that HSPB3 contains no intronic sequences within its coding frame. 
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Human HSPB3 3，(downstream)genomic PCR products using the set of primers 
hGW-3GSP3 (and the nested hGW-5GSP4) with the adaptor primer API on 
5 different restriction digested DNA libraries 
Lane 1 contained two bands and was discarded. The other four PCR products were subjected 
to sequencing. M is the GeneRulerlOObp Plus DNA Ladder Marker from MBI Fermentas 
1 2 3 4 5 N C M 1 2 3 4 5 NC 
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Figure 13b 
Human HSPB3 5，upstream genomic sequence from various restriction digested libraries. 
The PCR products were amplified using specfic primers (hGW-5GSPl and hGW-5GSP2) 
designed based on the internal conserved HSPB3 cDNA sequence. 
Left: Primary PCR products with primers hGW-5GSPl/APl 
Right: Secondary PCR products with primers hGW-5GSP2/AP2 
M is the GeneRulerlOObp Plus DNA Ladder Marker from MBI Fermentas 
Different genomic libraries were constructed digesting the genomic DNA with the following 
restriction enzymes; 1 EcoR I, 2 Sea I, 3 Dm I, 4 Pvu II and 5 Ssp I. Adapters with AP2 sites 
were ligated onto these digested fragments. 
A 1 T G A G T G A C A T C T A T A C T G T T C T A A G A A G T C C T A T T C C C T T A G T T T A C T G A A G T T C A C A G G 
6 1 G A A T A A G C A C C C A C C C C A G A T A T T T T T G G T T T T T G T T T G T T T G T T T G T T T G T T G A G A T G G 
1 2 1 AGTCTCACTC T A T T G C C C C A GGCTAGAGTG C A A C G G G T A T G G T T C T T G G C T C G C T G A A A C 
1 8 1 C T T T G C C T C C T G G T T C A A G C G A T T C T C C T A C C T C A A C C T C C C A A G T A G C T A A G A T T T C A G 
2 4 1 ACATAAGCCA CCATGCCCAG CTAATTTTTG TGTTTTTAGT ACAGACAGGG TTTCACCACA 
3 0 1 TTGTTCAGGC TGGGCTTGAA CTCCTGACCT CAGGCGATCC ACCCGCCTCA GCCTCCCGAA 
3 6 1 G T G C T G G G A T T A C A G G C A T G A G C C A C C G C A C C T G G C C T C A C C C A G A T A T T T T T C A A A T A C 
4 2 1 CATTTTCGAT TCCCACTCTC TTTCTTGAAG TAAGCAAGGC AGACACATTT GCCAAGGATA 
4 8 1 A C T G A G A A T G T A A G G G C A A T C C A T G A C T G G G C A G C T T G T G C A G G C T G T G T G C T A A A T G C A 
5 4 1 A C T G G G A A A C A T G C C C T A C A A A T A G C C G T T C A T T G T C A G C A T G T G T G A A A A G A C A A G A G A 
6 0 1 GCATTCCGTG CTATGATTCA GGCCTAATTA AGTGATTGCG TCTGGGCACG GCTATAAACC 
6 6 1 A C T A G C T G C T T C A A C T G G T A A T C C A G T C A G T A G G C A A C T G C A G G G G C T C G C C A C T G A C T G 
7 2 1 AAGGCAGT66 A A G G T T G G C A G A A G G A G G C T G T T C A A G G C T G T T T T T G C C T T C A C T A T G G C 
7 8 1 AAAAATCATT TTGAGGCACC TCATAGAGAT TCCAGTGCGT TACCAGGAAG AGTTOGAAGC 
8 4 1 TCGAGGTCTA GAAGACTGCA GGCTGGATCA TGCTTTATAT GCACTGCCTG GGCCAACCAT 
9 0 1 C G T G G A C C T G A G G A A A A C C A G G G C A G C G C A G T C T C C T C C A G T G G A C T C A G C G G C A G A G A C 
" 9 6 1 GCCACCCCGA GAAGGCAAAT CCCACTTTCA GATCCTGCTG GACGTGGTCC AGTTCCTCCC 
1 0 2 1 TGAAGACATC ATCATTCAGA CCTTCGAAGG CTGGCTACTG ATAAAAGCAC AACACGGAAC 
1 0 8 1 CAGAATGGAT GAGCACGGTT TTATCTCAAG AAGCTTCACC CGACAGTACA AACTACCAGA 
1 1 4 1 T G G C G T G G A A A T C A A A G A T T T G T C T G C A G T C C T C T G T C A T G A T G G A A T T T T ^ G G T G G A 
1 2 0 1 AGTAAAGGAT CCAGTTGGGA CTAAGTGACA TCGTATCGGT TCCTGTTCAG ATGACATGGG 
1 2 6 1 GAAGATGATG GTTCAGCCAC TGGTACTACG AGAATGTTTG TATTACCCAC ATTTGAAATG 
1 3 2 1 A T T T G C T A T G A T T T T T A T G A A G A A T A A A A A T A T A T A C A C A G T T A C C T G G T A T G T T G A A A G 
1 3 8 1 GTTGTCCTTT ATTATTCTTA CTCAGAAAGG GAACAATTTT GTTAATTTTT TTGTGTGGCC 
1 4 4 1 T C A A A C T G A T A C T A T T C C T T A C A A C T T A A C A A T T T T A A A T A C G A A G C T G T A T T T G A T T T A 
1 5 0 1 AAAGAGGCCC ATGTTCTTTT TTTCCACATG CCACACCGGC GCCGCCAAAA AAAAAA 
b 
hGW-5GSP2 
Dral Sspl • ^spl EcoRl 
1 1 HSPB3 I H——I 1 
+ Seal PvuH Dral hGW-3GSP4 
1 1 kb I Library 
0.65 kb Sea I Library 
1-7 kb 1.2 kb Dm I Library 
Pvu II Library 
1.4 kb 0.7 kb . Ssp I Libraiy 
Figure 14 
Results of the genomic DNA sequences obtained from sequencing the genomic PCR 
products both upstream and downstream of the HSPB3. 
a) The sequence obtained of HSPB3 upstream and downstream genomic sequence. The 
sequence of HSPB3 exon (underlined) is identical to that of the cDNA (Genebank #U15590). 
The upstream and downstream sequence are indicated in red and blue respectively. The start 
and stop codon in HSPB3 is coloured in green. HSPB3 exon is the underlined sequence and the 
box region in the schematic diagram. 
b) Map of human HSPB3 locus with expected size of PCR products.The map was constructed 
by using the results from Genome Walker primary and secondary PCRs. Position from the 
HSPB3 internal primers are indicated with the respective restriction digest library. 
The yeast two hybrid screening 
Mating Efficiency between pAS2-l/HSPB3 (Bait) and the Pre-transformed 
MATCHMAKER cDNA Library 
For calculating the mating efficiency，the number of colonies growing on the 
SD/-Leucine, SDZ-Tryptophan and SD/-Leucine/-Tryptophan plates were counted. 
From this we can calculate the number of viable colonies forming unit (cfu) on each 
type of SD medium by the following formula: 
Cfu X 1000 ul/ml == number of viable cfu/ml 
Vol. Plated (ul) x dilution factor 
Selection medium Colonies forming unit (cfU) Viability cfu/ml 
SDALeucine (Y187 partner) 230 2.3 x lO? 
SDZ-Tryptophan (PJ69-2A partner) 270 21x\(P 
SDALeucineZ-Tryptophan (diploid) 130 1 3 x lo6 
Table 1 
Yeast transformation efficiency and mating results between the bait pAS2-
1/HSBP3 and the cDNA library pGAD424/library. The transformation was 
between the two strains of yeast Y187 and PJ69-2A and successful 
transformations were selected on a media without the amino acids leucine and 
tryptophan. 
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The limiting mating partner is the strain with the lower viability and it is the Y187 
(library) strain in this screening，this is important as it ensures all the library clones are 
screened. Mating efficiency is the percentage of cfu of diploid to the limiting partner 
(Y187)，that is; 
Number ofcfu/ml of diploid x 100 二 % Diploid 二 1.3 x 10^ x 100 二 5.6521% 
7 
Number of cfU/ml of liiniting partner 2.3 x 10 
Therefore the Mating Efficiency = 5.7% 
The number of clones screened in this yeast mating is calculated by multiplying the 
viability of diploid with the initial resuspension volume (10 ml of medium and 1.3 ml of 
cell volume). 
Number of clones screened = 1.3 x 10^ cfu/ml x 11.3 ml = 14690000 
n 
-1.5 X 10 clones screened 
Sorting of clones into groups 
Colonies which grew on synthetic dropout media lacking the four amino acid 
components (adenine, histidine, leucine and Trpyptophan) were flirther characterized 
by yeast colony PCR to estimate the size of the insert in the library plasmid. 66 
independent clones were isolated and subjected to PCR. PCR products were used as 
template for sequencing reactions. A non-redundant database search was performed by 
submitting the sequences to the NCBI BLAST program 
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(top://www.ncbi.nlm.nih. gov/blast). Retrieved sequences were analyzed to ensure 
inserts have a correct reading frame so that functional proteins were able to be 
translated in vivo. Clones were grouped into different classes as shown below: 
Class Number of Hits % 
Novel (>100bp) [l [Ts~~~ 
Nebulette 1 1.5 
Prepro-CDD-AOT 3 4.5 
Kinase, Enzymes and Co-enzymes 5 7.6 
Genomic sequences 7 10.6 
Mitochondrial genes 8 12.1 
Others: 
<100 bp sequenced [19 |28.8 
>100 bp sequenced 4 6.1 
Sequencing Failed 18 27.3 
Total llOO.O 
Table 2 
Identity of positive clones that showed to interact with HSPB3 upon beta-
galactosidase assay. Colony PCR products were sequenced and searched against 
the non-redundant database at NCBI (http://www.ncbi.nlrn.nih.gov/b丨ast) and 
sorted into different categories. Clones with sequenced insert size over 100 base 
pairs in the "Others" categories are genes from other organism, possibly due to 
contaminations 
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Out of 66 clones, more than half were unsuitable for analysis because they were 
either too short (less than lOObp upon sequencing) or sequencing reactions failed. The 
other positive clones contained genomic sequences, a range of protein kinases and 
genes expressed in mitochondria. A particular clone contained sequence that 
corresponded to a skeletal muscle specific protein called nebulette, however the insert 
did not have a correct reading frame to generate the correct protein sequence. There 
was a novel clone identified with size 649 bp, this clone did not match any known 
genes in the non-redundant database. 
Three of the clones contained inserts which matched with a hormone precursor, 
Prepro-Cardiodilatin-Atrial Natriuretic Factor (Prepro-CDD-ANF). The three inserts 
have sizes 278 bp, 464 bp and 720 bp, all have the correct reading frame and contained 
the start A T G codon. The clone with the longest insert was used for the subsequent 
experiments. 
W e only performed one set of yeast two hybrid screening using one cDNA 
library sample. Therefore, we cannot say for definite that these are the only proteins 
that can bind and interact with HSPB3 in cell. Many other proteins may be able to bind 
to HSPB3 but were not screened or damaged in the construction of library or other 
technical errors that prevented these other proteins to show up in the screening. 
Identification of an interacting partner - Prepro-Cardiodilatin-ANF (Prepro-
CDD-ANF) 
111 the screening of the human heart cDNA yeast two hybrid library, we have 
isolated a positive clone that was shown to interact in vivo with HSPB3. This clone 
was identified to be the inactive hormone - Prepro Cardiodilatin Atrial Natriuretic 
Factor (Prepro-CDD-ANF) (Genebank Accession M30262). W e chose to further 
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analyse this hormone because firstly it was found to be expressed in the atrium and 
secondarily its vasorelaxant effect on the smooth muscles blood vessels in the heart 
during stress. 
The library cDNA insert was found to be 720 bp (678 bp is the Prepro-CDD-
ANF sequence and the remaining 42 bp are the adapter sequences ligated to the cDNA 
in the construction of the library). By sequencing using vector sequences we confirmed 
this clone contained the whole of the open reading frame and the D N A sequences are 
in the correct reading frame. The D N A sequence in the open reading frame is 100% 
identical to that of Prepro-CDD-ANF. Our cDNA insert lacked the first 40 bp in the 
5'-untranslated region and 167 bp in the 3'-untranslated region comparing the full 
length Prepro-CDD-ANF (Figure 15). The accuracy of the sequence was confirmed by 
extensive sequencing of 20 independent colonies. 
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Prepro-CDD-ANF 
(i) I _ 6 9 _ 126 
(ii) Insert 
— C ^ r C 赞 A 
— … … r ^ ^ ^ ^ ^ g s i r x ^ ^ i s i i s B 
TT ^ 5' Untranslated Region — — Vector Sequence 
Linkage Peptide Prepro-CDD-ANF Coding Region 
Not sequenced 
Figure 15 
Schematic diagram showing the domains encoded by the inserts in the positive 
clones isolated from yeast two hybrid screening with HSPB3. 
(i) Prepro-CDD-ANF contains three distinct domains, Signal Peptide (Grey), 
Cardiodilatin (Blue) and ANF (Yellow). The position of the domains are also indicated. 
(ii) A schematic representation showing the position in which the inserts mapped to the 
Prepro-CDD-ANF. The three inserts were isolated from a yeast two hybrid screening 
between HSPB3 and a human heart cDNA library. By sequencing we identified the 
domains encoded by the three inserts. 
The black and red dotted line indicates the vector sequence and the linkage peptide 
with the GAL4-DNA Activating Domain. Pink box is the 5' untranslated region, 
whilst the green boxes represent the protein domains encoded by each of the three inserts. 
Note that in Insert C, there was insufficient sequencing information to map the rest of 
The region encoded by this insert. The size of the predicted peptide was deduced from 
The size of the PCR product. 
The yeast colonies harboring the Prepro-cardiodilatin insert turned blue in the 
beta-galactosidase assay after two hours, indicating that the two proteins interact in 
vivo and as a result，activates the transcription of the downstream LacZ reporter gene 
to produce beta-galactosidase which hydrolyzed X-Gal (5-bromo-4-chloro-3-idolo-) 
and turned the yeast colonies blue. 
The relative strength of the protein-protein between HSPB3 and the Prepro-
C D D A N F was assayed numerically by the O N P G liquid colormetric assay. The results 
are shown in figure 16. The liquid assay showed that the beta-gal enzyme activity was 
about 0.9 unit, compared to a value 1.2 for that of the control CLl transfected yeast. 
The higher the beta-galactosidase activity the stronger the interaction is with 
HSPB3. W e can see from the graph that the interaction between HSPB3 and Prepro-
CDD-AMP is a significant one when comparing with that of the positive controls. 
Yeast colonies turned blue with the beta-galactosidase assay and colonies grew on SD 
agar plates without amino acid adenine, histidine, leucine and tryptophan indicating 
that the two proteins do indeed interact in vivo. 
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Figure 16 
Liquid ONPG assay on various yeast transformed clones to analyse the beta-
galactosidase activity. 
The relative strength of the protein-protein interaction between the bait protein (HSPB3) 
and the library proteins is shown above. When the bait interact with the library protein, 
the downstream Lac Z gene is transcribed and the resultant enzyme, beta galactosidase 
will hydrolyse ONPG to give a yellow pigment. The absorbance change (A420) after 
30 minutes of incubation indicated the amount of enzyme produced and hence we can 
deduce the relative protein-protein interaction strength. 
The unit definition of Beta-Galactosidase is as follows: 
One unit of Beta-galactosidase hydrolyses one micromole of ONPG to o-nitrophenol and 
galactose per minute at pH 7.5 at 37®C. 
To further characterize and prove that Prepro CDD-ANF is indeed a true in 
vivo interacting partner to HSPB3, we isolated the library plasmid from yeast (Figure 
17) (since the transformed yeast cells contain both of the bait and library plasmid, we 
used the nutritional marker to select out the library plasmid) and performed a small 
scale transformation with HSPB3. Yeast colonies grew on media lacking the four 
selective amino acid (Figure 18a) (as above). When we performed colony lift assay, the 
colonies turned blue after two hours of incubation (Figure 18b). This confirms that 
HSPB3 and PreproCDD-ANP interact in vivo. 
Prepro-CDD-ANF is an inactive form of the hormone Cardiodilatin, 
responsible for the dilation of heart blood vessels. The foil length of the cDNA 
contains 845 bp, the open reading frame encodes a 151 residues protein (Genebank 
Accession AAA35669). 
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(a) Isolation of a mixture of bait and library plasmids from yeast transformed 
positive colonies. 
Yeast cells harboring both HSPB3/pAS2-l (bait) and library/pACT2 plasmids were isolated 
and separated on a 1.5% TBE agarose gel. Lane 1 to 5 are plasmids isolated from 
five independent cultures. 
M is the GeneRuler lOObp Plus DNA Ladder Marker from MBI Fermentas. 
(b) Restriction cutting and yeast colony PCR from the isolated 
library plasmid. 
Left: EcoRl andXhol restriction enzymes were used to excise the cDNA insert 
in the isolated library miniprep plasmids. Sequencing of the plasmid concluded the 
insert contained the correct reading frame and revealed the excised band corresponds 
to the partial Prepro-CDD-ANF cDNA insert (678 bp) with adapters (42 bp) attached. 
Right: Clontech Long Range primers were used to amplify the cDNA insert using 
the plasmids isolated as templates. Primers amplified the region containing the 
insert and part of the vector sequence. Nature of the PCR products were verified by 
subcloning into TA-Sequencing vectors from Clontech. 
M is the GeneRuler lOObp Plus DNA Ladder Marker from MBI Fermentas. 
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Figure 18 
Small scale transformation to verify the interaction between the small heat shock 
protein B3 and Prepro-CDD-ANF 
The interaction between HSPB3 and Prepro-CDD-ANF was examined using the yeast 
two hybrid assays. The purified library/Prepro-CDD-ANF plasmid was co-transformed 
with HSPB3 into yeast strain Y187 and plated onto (a) synthetic media (QDO) without 
four amino acids Adenine, Histidine, Leucine and Tryptophan. Those survived on QDO 
medium were subjected to (b) beta-galactosidase assay. 
Experiments 4 and 5 are positive and negative controls respectively. CLl is a 15.3 kb 
positive control plasmid, encoding the foil length, wild-type GAL4 protein which 
can autonomously activate the expression of beta-galactosidase. 
HSPB3 cannot form dimers in the yeast two hybrid test 
Members of the small heat shock proteins (HSPBl, HSPB2/MKBP, alpha-B 
ciystallins) can form dimers 4，tetramers 50 and oligomers 51 with molecular weights 
up to 600 kDa. Both the highly conserved alpha crystailin domain and the less 
conserved N-terminal region preceding the alpha crystallin domain have been 
demonstrated for their importance in oligomerization and chaperone properties 52，53 
Full length coding region of HSPB3 was cloned into DNA-Binding Domain 
pAS2-l and DNA-Activation Domain pGAD-424 vectors. Transformed yeast grew 
when plated onto SDVLeu\-Trp for selection. To evaluate whether the two HSPB3 can 
interact with each other to form dimers, colonies on SDVLeu\-Trp were filter-lifted 
onto SDVAdeVLeuVTrpVHis. Colonies ceased to grow and eventually died when 
transferred onto this medium. This suggested that HSPB3 cannot form dimers in yeast, 
possibly due to the inability to form a stable association. However the differences in the 
post-translational modifications between yeast and human can have a significant 
structural effect on protein interactions At the same time there are so many steps 
within the experiment that could go wrong and account for the failure to associate. A 
more conclusive approach would to use immunoprecipitation to test whether the two 
proteins can interact. The antibody specific for the A N F domain is available 
commercially, we could use it to tag Prepro-CDD-ANP and CDD-ANF to a solid 
support and run a yeast cell extract containing the over-expressed HSPB3. The elution 
fraction is subjected to Western Blotting analysis to see whether HSPB3 is retained in 
that fraction. If it is then a distinct band corresponding to the size of HSPB3 will be 
observed. This will then provides in vivo evidence to support the interaction between 
HSPB3 and Prepro-CDD-ANP or CDD-ANF 
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Expression of Prepro-cardiodilatin-ANF is confined to the adult human heart, 
but a different tissue distribution is observed in human fetus. 
Using hybridisation analysis, it was shown that Prepro-CDD-ANF is 
synthesized selectively in the rat atria but not in the ventricles 55-57 hSPB3 is also 
expressed in the heart and Clontech，s human adult Multiple Tissue Northern panel was 
used to determine the expression pattern of Prepro-CDD-ANF in various human 
tissues (Figure 19). Using the radioactive labelled Prepro-CDD-ANF as the probe, the 
cDNA with the open reading frame of Prepro-CDD-ANF hybridised to an m R N A 
transcript size of 1.2 kb which is expressed exclusively in the human heart. W e did not 
find any more bands in other tissues after prolonged exposures. The size of the m R N A 
transcript was approximately 1.2 kb, which fits very well with the length of the cDNA 
(845 bp) (Genebank Accession M30262) with a poly (A) tail added. 
RT-PCR on various human adult tissues was performed in parallel, to see 
whether Prepro-CDD-ANF transcripts are present in other tissues in amounts 
undetected by the Northern blot analysis. Using the ORF primers for Prepro-CDD-
ANF, a series of PCR were carried out using the first strand cDNA isolated from 
various human tissues (Figure 20a). W e observed that the adult human heart is the only 
organ that expresses Prepro-CDD-ANF and this reinforced the Northern blot data 
above. 
To study the difference in the tissue distribution pattern of Prepro-CDD-ANP 
between fetus and adults, we performed a parallel experiment using Clontech's Fetal 
multiple tissue cDNA panel. The same set of primers was used to amplify Prepro-
CDD-ANF. The results are shown in figure 20b. Surprisingly in fetus, Prepro-CDD-
ANF m R N A is not present in the heart but is expressed exclusively in the liver. The 
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PCR products from both fetal liver and adult heart were subjected to sequencing and 
the cDNA sequences are identical in both. 
The PCR product of Prepro-CDD-ANP contains 476 bp, including the ORF 
(452 bp) and the primer's G C clamps and restriction enzymes sites. Positive control is 
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Figure 19 
Northern blot analysis of the Prepro-cardiodilatin-ANF mRNA expression in various 
adult human tissues 
A set of Adult Moues Multiple Northern blots (CLONTECH) was used, in which each lane 
was loaded with 2 ^g of poly(A)+ RNA isolated from the indicated tissues. The radiolabelled 
cDNA probe CDD-ANF encoding the ftill open reading frame hybridizes to a 1.2 kb mRNA 
exclusively expressed in the heart. There is a faint band with size of about 3kb. 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 NC PC M 
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Figure 20 
RT-PCR analysis of Prepro-Cardiodilatin-ANF expression in various 
(a) human adult and (b) fetal tissues. 
Multiple Tissue cDNA Panels (Clontech) were used to amplified first strand 
cDNA using from various human tissues. PCR products were separated on 
1.5 % TBE agarose gel. Positive control is the housekeeping gene G3PDH. 
(M) is the GeneRuler lOObp Plus DNA Marker from MBI Fermentas. 
Lane 1 Heart, 2 Brain, 3 Placenta’ 4 Lung, 5 Liver, 6 Skeletal Muscle, 7 Kidney, 
8 Pancreas, Marker, 9 Spleen, 10 Thymus, 11 Prostate, 12 Testis, 13 Ovary, 
14 Small Intestine, 15 Colon, 16 Leukocyte, 17 Fetal Brain, 18 Fetal Lung， 
19 Fetal Liver, 20 Fetal Kidney, 21 Fetal Heart, 22 Fetal Skeletal Muscle, 
23 Fetal Spleen, 24Fetal Thymus. PC - Positive Control, NC - Negative Control 
Discussions 
Previously reported sequence HSPL27 is a chimera 
For the last seven years our group has been working on a heart sequencing 
project using the 3，expressed sequence tags (ESTs) methods 58,59 ESTS approach is 
a way for characterizing the gene expression pattern by sequencing the genes that are 
expressed in a type of tissue. Its method and the final results are different to that of the 
human genome project whose aim is to sequence the entire genome. EST sequencing 
allows researchers to study and compare gene expression profiles between different 
types of tissues. 
The previously reported sequence for the small heat shock protein-like-27 
(HSPL27) by Lam et al 10 contained two functional domains, PI-4-I<inase in the 5' 
end and the 3, end domain that shares a high degree of sequence similarity with the 
chicken inhibitor of actin polymerisation 8，9 and small heat shock protein. However 
this sequence was later found to be a chimera, and the PI-4-Kinase domain was 
accidentally ligated to the 5, of HSPL27 domain during the construction of the cDNA 
phage library. This underlines one of the potential drawbacks and difficulties in 
identifying novel genes and more importantly it challenges and add doubts to whether 
the identification of 'novel' genes discovered are really novel. Could such a gene be 
just a chimera gene that had two different fragments of cDNA ligated accidentally 
during the construction of the cDNA library? 
Boelens, deduced sequence for HSPB3 (742 bp specifying a 150 residue 
polypeptide) was done by aligning 14 EST clones HSPL27 was renamed to 
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HSPB3. Ill our approach, total R N A isolated from a human heart was used to generate 
cDNA by the RT-PCR method. Sequencing of this cDNA revealed the true sequence 
of HSPB3. HSPB3 cDNA (Genebank Accession U15590) is 764 base pairs long, and 
contains an open reading frame encoding a protein of 150 amino acids (Genebank 
Accession AAD05360). W e believe this revised cDNA sequence from RT-PCR is the 
true representation of HSPB3, as to the aligning method used by Boelens. 
HSPB3 monomers did not show stable binding interaction in the yeast two 
hybrid test 
Our yeast two hybrid results did not find HSPB3 could interact with itself to 
form dimers. A possible reason includes the failure to form stable interactions with 
other HSPB3 due to the differences in the sequences of the sHSPs. Sugiyama et al 
showed that most of the sHSP family can use the alpha-crystallin domain to interact 
and bind to other neighbouring monomers to form dimers, tetramers or oligomers as 
shown by the sedimentation analysis. The X-ray crystallographic data from the sHSP 
16.5 of Methanococus janaschii indicated that the carboxyl-terminal extension 
and one of the beta strands within the alpha crystallin domain contributed significantly 
to subunit binding but some of the residues involved in this oligomeric complex binding 
is not conserved across the sHSP. A sHSP in C. elegans (HSP 12.6) does not form 
large oligomers complex in vivo 60，61 Cross-linking and sedimentation velocity 
analyses indicated that this recombinant HSP 12.6 is monomeric. Both HSP 12.6 and 
HSPB3 have the shortest N- and C-terininal regions in human and in C. elegans sHSP 
families respectively. Given the similarities exists between HSPB3 and HSP 12.6 from 
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C. ekgam, we may speculate that HSPB3 cannot form large oligomers as do other 
sHSP members and HSPB3 monomers can function as a monomer. 
The yeast two hybrid assay is not a definitive method to test whether two 
proteins can interact, since there are so many known and unknown unexpected variable 
factors that can interfere and disturb the results. When we see the transformed yeast 
colonies turned blue upon beta-galactosidase assay we speculate the two proteins do 
interact but colonies could also turned blue when the linkage peptide between the bait 
and GAL4-DNA-Binding Domain interact with the library protein, i.e., false positives. 
On the other hand, colonies remained white does not necessary means they do not 
interact, it could be the over-expression of such a protein is toxic to yeast or the 
conformational change caused by the fusion with the DNA-Binding/Activating Domain 
makes the binding site unable to bind to the protein targets. 
No intronic sequence in the HSPB3 gene 
W e were interested to know whether HSPB3 contains any introns within its 
coding region. By using Genome Walker Method, we were able to amplify upstream 
and downstream HSPB3 sequence using genomic D N A as templates and internal 
primers designed based on the conserved region in HSPB3. The downstream 
sequencing data did not reveal any intronic sequences in the coding regions of HSPB3. 
When aligning the coding region genomic sequence against the cDNA sequence, the 
two are the same, the position of the start and stop codon, poly—A signal and the 
poly—A site are identical between the two. Equally, the upstream genomic sequence 
revealed no introns within the HSPB3 exon. When we performed genomic PCR using 
the coding region primers (hHSPB3-F-AS2 and hHSPB3-R), there was only one PCR 
product corresponding to the HSPB3 coding region as verified by sequencing. So far, 
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there are no reports on the existence of introns in human small heat shock proteins, and 
no evidence of small HSP isoforms arisen from alternative splicing. Small heat shock 
proteins are highly specialised and have specific roles in cells, their mode of action 
requires them to be able to switch on rapidly to protect the cell 3,62 This requirement 
may help to explain the absence of introns and that the gene is encoded by a single 
exon. However isoforms are observed as a consequence of post-translational 
modifications such as phosphorylation by protein kinases 23,63 
Reports have identified that some small HSP are targets of phosphorylation by 
specific protein kinase that are involved in cellular growth 64, cell progression 65, 
development 66 and locomotion. The phosphorylation of Drosophila，s HSP23 and 
HSP27 is mainly tissue specific rather than heat induced. HSP27 can have up to four 
isoforms as a result of different extent of phosphorylation by M A P K 67. Each of these 
four isoforms has different affinities for the same substrates. It is postulated that the 
modulation of small HSP activity is mainly controlled by post-translational 
modifications rather than by alternative splicing to give different types ofsHSPs 68. 
W e have successfully obtained 600 bp of upstream genomic sequence from the 
5' HSPB3 exon but were not able to sequence further upstream. This is because the 
sequence was very difficult to sequence probably due to the high GC contents. Possible 
ways to optimise the sequencing reaction includes the subcloning of the PCR products 
into a strong sequencing vector with a T7 or M13 sequencing primer site. Another 
approach is to add addictives such as Glycerol (5-10%), formamide (1-5%) or D M S O 
(2-10%). They change the melting point of primer-template hybridisation reaction and 
the thermostability of polymerase enzyme. Glycerol can protects Taq polymerase 
against heat damage, while formamide may lower enzyme resistance. 
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In the 600 bp we did not find the heat shock element (HSE) consensus, 
characterized by the conserved inverted repeats CCAAT. This consensus sequence is 
present in other mammalian small heat shock proteins and is recognized by the heat 
shock factor (HSF). HSF binds to this upstream consensus sequence and together with 
other transcription factors activate the transcription of the downstream small heat 
shock protein. In other small heat shock protein's gene promoters, the regulatory HSE 
is located proximally to the T A T A box (situated at around —60 bp to -80 bp). The 
absence of both introns in the HSPB3 gene and a HSE sequence in our upstream 
genomic D N A fragment may suggest that it is a pseudogene. 
HSPB3 and CDD-ANF may play an important role during stress to the heart 
Our yeast two hybrid data suggests the possibility of an in vivo interaction 
between HSPB3 and Prepro-CDD-ANF。When we co-transformed HSPB3 and 
Prepro-CDD-ANP together into yeast cells, the two were able to interact in the cell 
and drove the expression of the reporter gene beta-galactosidase. 
In human the active Cardiodilatin-ANP is a 28 residues peptide hormone 69,70, 
the rat liomologue is longer at 31 residues. Unlike the other atrial natriuretic factor 
members which have natriuretic and diuretic effects on kidney, CDD-ANF only has 
vasorelaxant activities in the heart. The effect of CDD-ANP on a strenuous heart is to 
dilate the blood vessels, decrease the blood pressure and ease the workload of the 
heart 69/71. 
It was shown previously that HSPB3 m R N A is specifically expressed in the 
human heart and Western blot analysis which confirmed the presence of HSPB3 in the 
heart and skeletal extracts. When we performed Northern blot analysis using Prepro-
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CDD-ANF c D N A as probe, Prepro-CDD-ANF m R N A was found to be selectively 
expressed in the heart only (estimated m R N A transcript size of 1.2 kb). Previous 
experiments detected the protein product in the rat atrial tissue with a molecular 
weight of 14 kDa 70 but no parallel experiment was carried out using human tissue 
extracts. 
In terms of tissue distribution, both HSPB3 and PreproCDD—ANF are present 
abundantly in the heart. Given the vasorelaxant effects of Prepro-CDD-ANP on heart 
blood vessels, we can speculate the possible protective partnership that exists between 
HSPB3 and the pre-hormone in a stressed heart. The molecular mechanism for the 
activation of the inactive hormone, HSPB3 may have a direct or an indirect role. In the 
first case, when the heart is under stress, HSPB3 binds to the inactive hormone, causes 
a conformational change and exposing the cleavage site. The release of the N-terminal 
signal peptide induces the hormone to take the active conformation and thus can exert 
its vasorelaxant effect on the heart blood vessels. 
The second scenario may be mediated by the activation of HSPB3 (for 
example, by p38/MAPK induced phosphorylation) upon stress to the heart. The 
phosphorylated form of the HSPB3 then recruits the endo-peptidase to the inactive 
hormone in the heart. In either case, we postulated that there is a very intimate 
relationship between HSPB3 and Prepro-CDD-ANF in the heart and that the some 
form of signalling pathway is required to channel the stress signals to these proteins. 
Our yeast two hybrid binding data does not provide concrete evidence to 
demonstrate HSPB3 only binds to the inactive form of Prepro-CDD-ANP, the PCR 
and sequencing data showed that HSPB3 binds mainly to the Cardiodilatin and ANP 
domain, however HSPB3 does also bind to a small region in the signal peptide. It 
could be there are other signals and auxiliary proteins that target the inactive hormone 
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towards the signal cleavage step, whilst HSPB3 may act to facilitate the effects 
mediated by the active hormone. The main effect of the active Cardiodilatin-AKF is to 
bind and activate a membrane receptor found in blood vessels. This in turn will activate 
the cyclic G M P signalling pathway and the effect of this is to relax the smooth muscles 
in blood vessels, thereby increase the blood flow and ease the workload of the heart. 
Change of expression pattern of Prepro-CDD-ANF during development 
The m R N A expressional patterns in various fetal and adult tissues were 
examined using the RT-PCR method. Tissue specific expression of Prepro-CDD-ANF 
is found in human heart and fetal liver. Interestingly hybridisation analysis showed that 
Prepro-CDD-AND m R N A is synthesized selectively in the rat atria and human heart 
(Figure 19) only。Unlike other A N F peptides members, CDD-ANF does not have 
natriuretic and diuretic activities. Reasons for the presence of Prepro-CDD-AKF 
luRNA transcript in fetal liver but not in adults remains elusive. Possible reasons 
include the different requirements for CDD-ANF between fetal liver and adult heart 
and during the course of development the expressional pattern is changed. 
Ill this present study we have elucidated the sequence of human HSPB3 
homologues in both mouse and rat. They share a high degree of similarity especially in 
the evolutionary conserved alpha-crystallin domain. Mouse HSPB3 is perhaps more 
selectively expressed (as expression was only detected in the heart) than its human 
counterpart, we speculate this is the same in rats，since mouse and rats are closer 
genetically to each other than to human. 
The interaction between HSPB3 and Prepro-CDD-ANP established a possible 
link and an insight into the way in which HSPB3 can protect the heart during stress. 
Although previous studies showed no significant increase in the m R N A expression of 
pig HSPB3 upon severe stress, HSPB3 proteins are found abundantly in unstressed 
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normal human hearts. In other words there is a pool of HSPB3 in the heart, their mode 
of action may not be at the level of transcription, but rather they are situated early on 
in a signalling pathway (possibly involving kinases such as the p38/MAPK). Small HSP 
phosphorylation (for example, M A P K K on HSP27 in mouse NIH/3T3 cells 20,72) has 
been cited to be critical during cellular development and stress. HSPB3 thus may get 
phosphorylated upon stress by a protein kinase, and in turn bind and initiate the signal 
for the cleavage of the signal peptide in Prepro-CDD-ANF. The active peptide 
hormone can then exert its vasodilation effects on heart's blood vessels. 
Recent years have seen an escalating interest in the molecular chaperone's role 
and mechanisms in protein folding, translocation and assembly. However our 
understanding on the molecular targets or mechanisms taken by these small heat shock 
proteins still not as deep and well defined as the high molecular weight heat shock 
proteins are. Progresses have been made and despite the limited evidence, sHSPs have 
been linked to suppression of protein aggregations, embryonic differentiation, 
stabilisation of the cytoskeletal network and in the regulation of cytoskeletal proteins 
dynamics. Of the six known human small heat shock proteins, some are widely 
expressed, whereas others are selectively expressed in a few tissues. At the same time, 
each sHSPs have a different C-terminal and N-terminal regions which can affect 
oligomeric and protein-protein interactions. Their differences in expression patterns 
and individual properties suggest that small heat shock proteins may have general as 
well as specialised cellular functions. Their ability to respond rapidly to fluctuating 
cellular environments ensures that the cell is in a stable equilibrium and protects it from 
extreme stressful conditions. 
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